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In the course of the last twenty years the Science of Elec- 
tricity has emerged from the theoretical to the practical 
state. Special branches of it have been developed, while 
the importance of other branches has diminished. The 
object of the present work ^s. to* gite schoolboys a know- 
ledge of electricity which^ it^Wpver irfc^nrjplete, shall be of 
a useful kind. ^ V^^K"'*. • ' * • •*.•*. v\/. 
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For this purpose ^he wt>rk commences W\tR*lhe ^udy of 
electric currents and Ohm^s law, and thetedching.is of the 
same kind as that Tjrhiph I have been in the habit of giving 
to members of my '^ ^taS^ ',and to men employ^* iq,* electric 

light work. At the'^jgia^time I have given* ^woh j3etails of 

***** •*•. 

theory as will, I hope; s^q';^, students that a,|»5p?nce of elec- 
tricity exists, and stiAml^t^/t^jem to* •j^fruiy • it. I have 
further endeavoured to show thfe intimatfe. connection which 
exists between electricity and light, heat, and mechanical 
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CHAPTER I. 

ELECTS IC CUCRKNTS. 

t 

PoB all practical purposes we m'aj treat electricity as if it 
ivere a material incoonpi^ssible fl<iid, .which, when in motion^ 
\ produces certain 'effects which we can' observe. 
I 1. Conductors <ahd insulators.. Certain substances 
tlirough. which elejctricity can flow freely are called conduc- 
tors, and certain others through which it cannot flow freely 
are called insulators. No substances are quite perfect either 
way, i.e. the be&l'cpnductors offer a cert&ki resistance to the 
flow of electricity, and the best insulator's' allow a certain 
minute flow tiifougli them. .' \ . 

For all practical '.purposes copper and other metals and 
carbon may be considei'ed as conducipis; and gutta-perclia, 
glass, and dry air may be considered as insulators. The 
best insulators offer many million times the resistance to 
the flow of electricity that is offered by conductors. 

The fact that the best conductors of electricity, such as 
copper and iron, are metals, and can be formed into wires, 
enables electric currents to he conveyed to great distances. 

Upon this fact depend all the practical applications, of 
electricity, such as telegraphy and electric lighting. 

We cannot tell by looking at a wire whether a current is 
flowing in it or not, but there are numerous and certain 
methods of detecting not only the fact, but in which direC" 
tion the current is flowing, and how much current is flowing 
at any moment. ^' 
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2. Effects of the electric current. 

The principal effects^ are, — 

(a) Magnetic effects. Electricity and magnetism are 
very closely allied, but we must postpone the consideration of 
their relations till we have said something about magnets. 

Telegraphy depends on the fact that an electric current • 
will cause a pivotted magnet, such as a compass needle, 
to move to the right or left according to the direction of the 
current. An operator at one end of the wire sends currents 
sometimes in one direction, sometimes in the other, causing 
corresponding motions of a needle at the other end. It is 
agreed that certain motions shall represent certain letters of 
the alphabet. For instance, two motions to the right might 
represent a, one to the right a.nd.oji§ to the left 6, and so on. 

(6) Heating effects; ^. J^lectric: cjifcents heat the sub- 
stances through which ttiey^ass, tl^-fimcnint o£ heat depend- 
ing on certain definitdU^^whifilf w©*shaH«resently discuss. 
' Electric lighting depends on the -'cJoWeniiration of the 
heat of an electric current in one or mord spots; where it is 
used to heat a substance such as carbon* to wmteness and 
to give light. : c^ : 

(c) Chemical '$lffects. When an eioefria current is 
passed through ctertainsolutions containing na^^fe in chemical 
combination it decfemppaes them, liberatiij^-tl^ metal at one 
place and the other^joayiliienj; of th'e^colip&und at another. 

On this fact depeid^^^t^e: industry*«pf electroplating. 
For instance, if a copper ^fori^ or spoon'ia placed in a solution 
of potassio-cyanide of silver, ^and aA electric current is sent 
through the fork, and from it into the solution, silver is 
deposited all over the fork, and gives it the appearance well 
known to us as ^^ silver plate.^^ 

(c?) Effects on the human body. A certain class of 

electric currents cause muscular twitching when sent through 
the body, and produce the well-known sensation of the 
electric shock, 

(e) Sparks. When the conductor carrying a current is 
interrupted, and sufficient force is applied to the current to 
drive it across the intervening air or other insulator, it bursts 
through in the form of a spark. The largest electric 
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sparks known are prodaced in Nature as '' flashes of 
lightning." 

(/) Effects on polarized light. When rays of light 
are placed under certain conditions they can bo acted on 
by electricity. This action will he discussed towards the 
end of this book. 



Questions on Cuaptek I. 



1. What is a conductor ? 

2. What is an insulator ? 

o. Give instances of eaoh. " 

4. What are the piiu'eiual effects of the electric current? 
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CHAPTER IT. 

LAWS GOVEliNlNG THE FLOW OP ELECTRIC CURRENTS — OHm's 



LAW. : 



3.. Ohm's law. The strength of an electric current de- : 
pends oil the force driving or moving it, called the electro- ! 
motive force or electric pressip'e^ and 9n the resistance through 
which it has to be driven. : . , . i 

If the electro-motive force is iribr^ased, the current is ' 
proportionately ii;icr£d,sed'; andif the jseisifcjtance is increased, ' 
the current is proportionately diminislisd.^VWi^ is expressed i 
in somewhat more technical language* by saying that the : 
current is directly proportional to the electro-*piofcive force, 
and inversely proportional to the resistance.^ . 

The above Iciwi'W^s discovered by a. GiriuTan professor 
named Ohm, turn Ts, tsonsequently kuow!\*lts -Ohm's law. 
It is the f oundsftioji of all electrical m-3ac'i94:eaj*ent, and must 
therefore be carefully feniem})erpd apdV^ia^fe-'d. 

If we double the -elx'cipo-motive force -(keeping the resist- ,. 
ance constant), we double the current.- ' 

If we double the resistance (keeping the electro-motivo 
force constant), we halve the current. 

If we double both the electro-motive force and the resist- 
ance, we keep the current unaltered. 

k Thus we may express Ohm's law by saying that the 
current equals the electro-motive force divided by the 
resistance; which may be written, — 

^ . , Elpcirn-motive Cttrre. 

Currtut = Tz — : 

Kecitttaiice. 

For convenience in writing we agree to use the following 
abbreviations, — i 
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C stands for Current. 

S „ y. Electro-motive force or electric pressure. 

R „ „ Resistance. 

Ohm's law may then be written,— 

E 

We shall return to the study of Ohm's law in a later 
portion of this book.* 

4. Speed of electric currents. When an electric 

current is admitted into a wire its effects are ielt at the 
other end after an unappreciably short fraction of time. 

It has therefore been assumed that electricity must travel 
with great velocity in a wii*e. 

This is not ifecessarily the case^ as the following illustration 
will show. 

Suppose a metal tube, a mile long, to be quite full of water, 
and to be connected at one end to a force-pump, which 
would force water very slowly along it, say at the rate of a 
foot per minute. 

Th^ instant that the force-pump commenced working 
a current would start, and water would begin to flow out 
of the far end of the tube, and could there turn a small 
water-wheel, or do other work. 

Here, although the velocity of the flow is very small, tlio 
commencement of the current at the far end has been prac- 
tically simultaneous with that at the near end. 

We see then that the speed with which electric signals 
(which are given by the starting and stopping of currents) 
are transmitted gives no information as to the speed of the 
current itself, which is a matter of which we are profoundly 
ignorant. 

If the water-tube, instead of being metal, were made of 
india-rubber, or some si;ich elastic material, the starting of 
the force-pump at one end would not be felt instantaneously 
at the other, as the first effect would J)e to stretch the parts 
of the tube near the force-puipp. The flow would not com- 
mence at the far end until these had had time to contract 
sgaiii. 

* ^e page 23. 
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An analogous phenomenon is observed in electrical con- 
ductors which, as in submarine cables, are covered with an 
electrically elastic material, such as gutta-percha. The first 
effect of starting the current is to electrically stretch or 
" charge ^^ the gutta-percha, and not till it has recovered 
from its stretching is the current perceived at the far end. 

The practical result is that with submarine cables a 
number of special methods have to be used to telegraph 
quickly, as signals dependent on the ordinary starting and 
stopping of currents would be too slow to enable the cable 
to earn a reasonable revenue. 



Questions on Chapter II. 



\ 1. State Ohm's law. 

2. If a given electric pressure produces a given current 
through a given resistance, what will be the effect on i>he 
current of 

(a) Doubling the electric pressure without altering the 
resistance ? 

(6) Doubling the resistance without altering the pressure ? 

(c) Doubling both the resistance and the pressure ? 

8. Does the fact that electric signals are transmitted with 
great rapidity through great lengths of wire give us any 
information as to the speed of electric currents ? 

4. Would it be possible to transmit signals quickly along 
a pipe by means of a slow moving current of water ; if so, 
how? 



CHAPTER III. 

MAGNETS AND ELECTRO-MAGNETS. LINKS OF FORCE. 

5. Magnets. We have said that an electric current has 
certain effects on magnets. We have now to consider what 
a magnet is. 

A bar of steel when magnetized, possesses certain pro- 
parties. 

(1) It attracts soft iron. 

(2) It attracts or repels other magnets. 

(3) When pivotted or suspended so that it can turn freely, 
one end points towards the north, and the other end towards 
the south. 

», Thus the two ends are different. 

The ends of a magnet are called its " poles.'* That end 
which points northward is called the north pole. 

Similar poles of magnets repel each other. Like poles 
attract. Thus, if we suspend or pivot one magnet (as, for 
instance, a compass needle), and bring the north pole*^of 
another magnet near its north pole, the latter will be repelled; 
but if the south pole of the magnet be used, the north pole 
of the compass will be attracted. 

Magnetic induction. If a piece of soft iron be brought 
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Fig. L 



near a magnet it will become a magnet temporarily, i.e. as 
long as it remains near the steel magi^t. The magnet pole 
will yiduce a pole of opposite name to itself on the end 
of th\3 soft iron nearest to it. It will then attract the pole 
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which it Las induced, or, in other words, it will attract the 
soft iron. 

6. Action between magnets and currents. Magnets 

and electric currents are very closely related to each other. 
Action of currents on magnets. Let a compass needle 
be suspended either on a point, or by a thread, and let 
a straight wire be brought near it, parallel to it, and 
above it (fig. 2). Let now a current be sent through this 
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Pig. 2. Pig. 8. 

wire. The needle will he deflected, i.e, it will take up a posi- 
tion making a certain angle with the wire, which angle will 
increase as the strength of the current increases. If the direc- 
tion of the current be reversed the direction of the deflection 
.^ill be reversed. If the direction of the current be kept 
the same, and the wire placed below (fig. 3) instead of 
above the needle, the deflection will 'be reversed. If the 
direction of the current be reversed, and the wire placed 
below the needle, the deflection will be twice reversed, i.e. it 
will remain the same. 

If now^ the wire be bent round the needle (fig. 4), the 
action of the bottom piece will cause the same deflection as 
that of the top one, for it is below the needle, and the current 







Pig. 4. Pig. 6. 

is in the opposite direction, and so the action on the needle 
is greater than that of either portion singly. It may be 
bent again and again (fig. 5), and the effect is always to 
increase the deflection. 

A current in a certain direction a,lways deflects the marked 
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end of the needle in the same direction. We will see which 
direction this is. 

flxperiment will show ns that if we imagine a little man 
swimming in the current with his face always turned to thcj 
needle, the north- pointing end of the needle will always be 
deflected to his left hand. 

An examination of the diagrams (fig. 6] will make this 
clearer than any explanation. 

Jction of magnets on currents. If the magnet be fixed 
and the wire carrying the current be so suspended that it 
can move freely, it will be deflected by the magnet. We 
can find the directions of motion by remembering that the 
attractive and repulsive forces being the same as before the 
motion of the wire, will therefore be always in the opposite 
direction to the former motion of the magnet. 

This can be made clear by taking two chairs and letting 
a boy kneel on one and placing the other near him. Let 
the one he is kneeling in represent the wire carrying the 
current, and the other the magnet. Now if the other boy 
hold the ^' current-chair " still, and the boy in it pushes 
the '* magnet-chair,^^ the latter will move forward, while if 
the " magnet-chair ^' is held still, the effect of the boy in 
the " current-chair ^' pushing will be to move the ^^ current- 
chair^' backwards. 

7, Electro-magnets. If a wire be wound spirally 
round an iron bar, and a current be sent through the wire, 
the bar will become a magnet, and remain magnetized as 
long as the current continues to flow. 

The direction of the poles of the magnet depends on the 
direction of the currents, and will be reversed when the 
current is reversed. 

If we imagine a little man to be swimming in the current 
down stream, with his face towards the magnet, the north 
pole will be on his left hand.* 



* Boys who have access to a swimming bath, or other bathing-place, 
may realize this method of remembering polarity by the following 
experiment : Two boys may hold a broom-stick horizontally about 

i. <. .1 X .■,•-, i^then BY 

passing 
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two feet below the surface of the water ; a third may then swim over 
\ as soon as he has passed it, dive under it, and passing under it 
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A magnet sach as we have described, which only exists 

while an electric current is flow- 
ing, is called an electro-magnet. 
Electro-magnets can be made 
much more powerful than perma- 
nent magnets of the same size. 
Fig. 7 represents an electro-mag- 
net. 

Fig. 7. 8. Telegraphy. All telegra- 

come to the surface, face uppermost, on the side he started from. He 
will thus have been looking towards the broom-stick during the whole, 
both of the swim and the dive, and the same end of it will aJicaijs hare 
been on his left hand. This is the end which, if the stick had been 
an iron bar and the swimmer had been swimming down an electric 
current, would have become a north pole. 

Similar experiments may be used for illustrating the actions of 
currents on magnets, shown on p. 9. A broom-stick, one end marked 
** North," may be held horizontally under water by two cords attached 
near its centre to a weight at the bottom of the bath (fig. 8). Corks 
attached to it will keep the cords tight. If the experimenter then^ 




Fig. 8. 
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phic instruments depend on one or other of the 
of currents on magnets which we have jnst described. 

We see that if a coil of wire is placed round a com] 
needle, as in fig. 5, then, by sending a current someti] 
one direction and sometimes in the other through the 
we can deflect the needle to right and left at will. 

Also, if an iron lever be hinged near an electro-i 
and pulled away from it by a spring, we can, by 
ing and stopping a current in the coils of the magnet^ 
the lever to be moved backwards and forwards at will, 
BO actuate various apparatus. 

Now the place where the current is started, si 
and reversed may be many hundreds of miles from 
place where the needle or electro- magnet is, proi 
only that the two places are connected by a wire. 

Thus the person at the '^ sending station " can, by B^i 
ing, stopping, and reversing currents, cause any sac 
of movements that he pleases of the pivotted needle^; 
magnet lever, at the receiving station, and it is previoi 
agreed that certain movements should represent cei 
letters of the alphabet. 

Some few ot the elaborate and beautiful instramei 
which have been devised, for practically carrying out 
principles which we have here indicated, will be describe 
in a later part of this book. 

9. Lines of force. The power of a magnet (whether^ 
permanent magnet or an electro- magnet) extends to a ooi 
siderable distance from its poles. For instance, if an ii 
bar is held some two feet from the pole of a large mtagnet, 
such as is used in dynamo-machines, and moved about, it 
feels as if it was being moved through thick treacle. The 
direction of this power or force follows certain lines, called, 
lines oj force. 

The following is a method of tracing out the directions 
these lines of force. A straight steel magnet may be nsed. 

alwayfl looking at ttic stick — swims over it and dives under it, movin 
parallel to tuo stick, and whenever he passes either over or nndi 
the ** North " end, pushes it to his left, ne will find that he alwaj 
p ashes it in the same direction for the same direction of swimming. 
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Take iei board of the same or greater thickness than the ] 
magnet, and let the magnet into it so that its upper side is' 
flash with the upper surface of the board. 

Lay a piece of smooth paper over all and fix it. 

Now with a sieve or '^ colander '' dust fiue iron filings all 
over the paper. 

As each falls near the magnet, it is magnetized by induc- 
tion and turns round so as to lay its longest diameter in 
the line of force at that point. 

Each of these minute magnets attracts the next till a con- 
tinuous chain is formed all along each of the lines of force. 
The board must be tapped from time to time to overcome 
the friction of the filings on the paper. 

If it be desired to preserve the curves, a piece of card with 
its under side gummed may be laid upon them. When 
the gum is dry, the filings stick to the card. The magnet 
may be placed under a piece of glass instead of paper if 
preferred, in which case it will not be necessary to let it 
into a board. 

A good way to prepare these curves for exhibition in a magic 
lantern is to coat a piece of glass with some transparent 
cement,* which melts on being heated. When ib is quite 
hard, a magnet must be placed under the ^lass, and the 
filings dusted on. The glass must then be carefully carried 
to an oven, warmed till the cement is soft, when the filings 
will sink in. On removing the glass and allowing it to 
get cold, the filings will be all fixed in position. 

Fig. 9 is an engraving of the actual lines of force deter- 
mined by Faraday for different magnets. 

10. Yokes and magnetic circuits. If two bar magnets 

are laid near each other, as in fig. 10, a piece of iron I will 
be attracted with a certain force, and it would be attracted 
with equal force at the other end of the magnets. If now a 
piece of iron Y be placed across the other ends of the magnets, 
as in fig. 11, the iron I will be attracted with rather more 
than double the force it was formerly attracted with, but 

* The cement sold under the name of " Mend all " answers very 
well. It may he diluted with water for the p'lrpose. 
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traction at all would be exercised on it if it were placed 
the other end beyond the cross-piece Y. 
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Fig. 10. 
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he effect of the cross-piece appears to be to make the 
9r poles disappear, but to add their strength to the 
er poles which remain. 

'he cross-piece Y is commonly called the yoke of the 
jnet. 

f in the experiment of fig. 1 1 the iron I be allowed to 
le upon the poles N, S, so as to complete the magnetic 
uit, all external magnetic effects disappear, i.e. the 
jnets will no longer attract iron filings, but on the 
er hand, the force required to pull off either the bar 
the yoke is vfery much greater than it would be with 
arrangement of the magnets where the magnetic circuit 
pen, as for instance in fig. 10. 

Ve see that by closing the magnetic circuit we cause all 
lines of force that were previously wandering about in 
neighbourhood of tlie magnets to leave the external 
cje, and concentrate themselves within the magnets. A 
30 through which lines of force pass is called a field of 
's. The more concentrated the lines the stronger the 

1. 

?he study of the disposition of the lines of force, and 
best way to concentrate them in any desired place is 

^eat practical importance, as dynamo-machines, which 
the machines used for generating the powerful currents 

d for electric lighting, depend for their action on the 

bion of wires through fields of force. The better these 



m 
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fieUla of^ force are arranged for the concentration of the 
lines of force just where they are wanted, the more lamps 
will a machine of given size and cost be able to maintain. 



QUESTEONS ON CuAlTEB III. 



1. A compass needle is suspended so that it points to the 
north. A wire is placed over it and parallel to it, and a 
current sent through the wire from Sf to N. Will the N. { 
pointing end of the needle move to the E. or the W. ? 

2. The same wire with the same current is placed under 
the needle ; in which direction will the N. pointing end = 
move ? ? 

3. The wire is bent round so that the current flows from 1 
S. to N. over the needle, and from N. to S. under it. 

Will the N. pointing end of the needle move B. or W. ? 
Will it move more or less than before ? 

4. What is an electro-magnet P Give a sketch, and . 
describe ? 

5. IIow can electro»magnets be used in telegraphy? 

6. What is meant by the lines of force of a magnet? 
How may they be observed ? 

7. What is the effect of connecting one pair of poles of 
two bar magnets by a '* yoke," the magnets being laid so 
that the N. pole of one points in the same direction as the'- 
S. pole of the other ? 






• 



^HE work wliicli an ordinary water-wheel can tlo depends 
^^ i two tluDga — upon the quantity of water passing per 
minute, and upon the height through which it falls. 

\V^e cannot say what horse-power a water-wheel worked by 

-■■ liter, falling through so many feot, can develop, uiileaa we 

^ i.Tiow how much water passes in each minute ; neither 

^^U we Bay what horse-power the wheel can develop, with 

^Bstream of so many pounds' weight of water per minute, 

^Hnless we know through what height the water is falling. 

^r ^ soon, however, as we know both the height and the 

r (jnantity we can (after making a proper allowance for the 

I waste caused by imperfect construction of the wheel) cal- 

I colate exactly the horse-power which will be developed. 

I I If we have a greater fall we can get our required H.P," 

-, 1 with proportionately less water. If we have more water 

_, fc *e can get the H.P. with proportionately less fall. 

W If we double the fell we halve the quantity of water re- 

1 loired ; if we double the qaantity of water we halve the fall. 

t'l'lias in low-lying districts, such as Surrey, Kent, or 
turn bi-idgesh ire, where the rivers are wide and sluggish, 
I'ut the lall3 small, wide wheels of small diameter are asedj 
IWt in mnuntaiiious districts, such as Cumberland or Iian- 
iMhire, where there is not much water, hut where it runs 
'lii*n high hills, narrow wheels of large diameter are used ; 
'liese use but little water, but by their largo diameter allow 
' B great " leverage." * 



• H.P. stands for hor 



^power, 
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12. Foot-pounds. Thus the work which any quantifcy"- 
of water or other heavy substance can do on falling througlfc_ 
a certain distance is measured by the weight in pounds multi-''^ 
plied by the height in feet, and is called the work in foot^ 
pounds. To raise the same quantity of water to the sam^ 
height roquires the same expenditure of work as it gave 
out in falling. 

Thus to cjirry a bucket of water, which when full weighs 
60 lbs., to the top of a 10-foot ladder requires an expen- 
diture of (60 X 10 =) 600 foot-pounds of work. 

The cistern of an ordinary shower-bath is about 8 feet 
above the bath, and holds about 7 gallons or 70 lbs.* of 
water. The servant who pumps up the water must there- 
fore (in addition to the work due to the stifiness of the 
pump) expend 8 x 70 = 560 foot-pounds of work in filling 
the cistern. 

13. Bate of doing work. —Horse-power . Now it is 

obvious that it will require a stronger man to fill the 
shower-bath cistern once every five minutes than to fill it 
once every ten minutes, and that if we wanted it filled every 
ten seconds the work would be more than any man could do, 
but that it could be done if we could arrange to have a horse 
to work the pump. 

We see that the faster we do our worJc, or the more foot- 
pounds of work that toe do in each minute, the more power we 
must exert. 

Power, or the rate of doing worlc, is commonly measured 
in ** horse-power.^' That is, it is assumed that a horse can 
exert a certain number of foot-pounds in each minute. A 
steam-engine that can do just that number of foot-pounds in 
a minute is said to be of one horse-power ; ono that can do 
twice that number, of two horse-power, and so on. 

A horse-power is assumed to be equal to 33,000 foot- 
pounds per minute. That is, an engine of one horse-power 
would take one minute to raise 1000 lbs. of water 33 feet. 

This number is fixed, and adopted by all engineers. It 
represents, however, more work than any one horse could do. 

The way it was arrived at was the following. When James 

* A gallon of water weighs 10 lbs. 
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Watt first began to sell steam-engines lio found that his 
customers, who had been accustomed to use horses, used to 
order engines to do the work of five or six or seven horses, 
M the case might be. In order to determine how much a 
horse could do, he arranged a pulley at the edge of a deep 
well, over which he hung a rope. He hung a heavy weight 
in the well, and harnessed a strong horse to the other end 
of the rope. 

He then noted the weight in pounds and the distance in 
feet which the horse raising it could walk in a minute. From 
this experiment he found that a strong horse could do just 
22,000 foot-pounds of work in a minute. 

Then being an honest man, and anxious that liia customers 
should not have any cause of complaint against him, he 
added 50 per cent., and fixed the "horse-power ^^ at 33,000 
foot-pounds per minute, so that when he sold an engine 
as of one horse-power it could really do as much work as a 
horse and a half, and so on. 

14. Electrical horse-power. To produce a certain 
electrical eflfect a certain number of foot-pounds of mechanical 
energy must be expended. 

To continuously produce a certain electrical efiect, minute by 
minute, a certain number of foot-pounds per minute must be 
expended, that is, a certain horse-power must be expended. 
We cannot say that a certain current is equal to a cer- 
tain horse-power, any more than we can say that a certain 
current of water is equal to a certain horse-power when we 
do not know the fall. 

Neither can we say that a certain electric pressure is equal 
to a certainhorse-power when we do not know the current, any 
more than we can say that a certain head of water is equal 
to a certain horse-power, when we do not know the number 
of pounds of water per minute which are flowing. 

To know the horse-power of a water-wheel we must know 
hoih the pounds of water which flow per minute and the 
height of fall, and we know that the horse-power is pro- 
portional to the product of these two quantities. 

To know the horse-power of an electrical eflTect, for instance 
the horse-power which is being expended in an electric 

c 2 
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lamp, we rausfc know hoilfi the current and tho electric pres- 
sure, and, as in the water analogy, the horse-power is 
proportional to the product of these two quantities. 

A certain definite quantity of electrical energy is equal 
to a certain definite quantity of mechanical energy. 

In order to know how much electrical energy is equal 
to a certain mechanical energy, we must know in what 
way both energies are measured.* 

We already know that mechanical energy is measured 
in foot-pounds per minute, and in the next chapter we shall 
study '^ electrical units.'^ 



Questions on Chapter IV. 

1 . If we have two water-wheels, one with a fall of 12 feet 
and one with a fall of 4 feet, what are the relative quantities 
of water we must use so that each wheel may develop the 
same horse-power ? 

2. What is meant by " foot-pounds '^ f 

3. How many foot-pounds of work are required to raise 
30 lbs. through 12 feet? ' 

4. How many to raise one ton through 6 inches ? 

5. How many to raise one cwt. 20 yards ? 

6. What is a " horse-power '^ ? 

7. How many H.P. are required to raise 1000 lbs. 66 feet 
4n (a) one minute, (6) half a minute, (c) two minutes ? 

8. How many to raise 2000 lbs. 33 feet in the same times? 

9. How many foot-pounds per second will be developed 
by one H.P. 

* Up to this point in our studies we have learnt that a certain 
quantity of electrical energy is equal to a certain quantity of meohani- 
cal energy, but we do not know the units in which the former is 
measured. 

Our position is that of an Englishman ignorant of French measures, 
who, if he was offered six kilogrammes of potatoes for a shilling, wocdd 
know that potatoes were being sold at a definite price, but would have 
no practical knowledge of what that price might be until he had 
studied the French system of measures, and found how large a basket 
of potatoes weighed a kilogramme. 



CHAFrER V. 

ELECTRICAL UNITS AND TllEIB RELATION TO EACH OTHBR^ AND 

TO THE HEAT AND WORK UNITS. 

This cliapter looks difficulty but there is nothing in it 
beyond the capacity of a boy with a knowledge of arithmetic. 
The only real difficulty lies in the terms used not being 
familiar ones. This can only be overcome by constant prac- 
tice. One or two problems similar to those in this chapter 
should be set daily^ and the class exercised in them, till 
Ohm's law in every possible form is as familiar as the multi- 
plication table. It is not necessary for a class to master 
this chapter altogether before going on with the book. 
Aftep reading it once they may go on with the rest of the 
book, but should return daily to some exercises on this 
chapter. 



In order to force water through a pipe offering resistant 
to the flow, a certain pressure or '^ aqua-motive force " must 
be supplied by a force-pump or otherwise. Similarly, as we 
have already stated, in order to force a current of electricity 
through a wire, a certain electric pressure or electro-motive 
force must he supplied by the generator. A small electro- 
motive force will force a small current through a given 
resistance ; a larger, a proportionately larger one. 

15. Current.— Ampere. The unit of electric current is 
called the Ampere, It is a unit of flow or of stream. We 
speak of an electric current of so many amperes in the same 
way as we might speak of a water current of so many gallons 
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per minute* A 20-candIe Swan f lamp {new pattern) toa 
take a current of about "7 ampere. ■ 

16. Pressure. — Volt. The unit of electric pressure ■ 
called the Volt. It is analogous to ateam-presaare or to ken 
of water. Wc apeak of an electric pressure of ao many toM 
aa we might apeak of a steam-pressure of so many pouofl 
to the square inch, or a head of water of ao many feet. Od 
Daniell'sf cell gives a pressure of nearly one volt. On 
20-candle Swan lamp (new pattern) may require a preaaOM 
of ftliout 100 volts. ■ 

17. Resistance.— Ohm, We know that generally 1 
pipe of small bore offers a greater resistance to a flow a 
water than one of large bore ; but the relation between tH 
resistances of different pipes follows extremely complicate 
■laws. We know, for instancej that a pipe of 1 square infl 
l)ore offers more resistance thau one of 2 square inchen 
.tut we cannot say that it offers exactly, or eveu approxl 
..mately, twice the resistance. ' 

Electric resistance, however, as we have already atated,] 
'follows a very simple law. For a wire of a given Bubstand) 
'it is directly proportional to the length, and inversely p^ 
lortional to the cross section. Thus, if we double tS 
igtli of a wire we double its resistance. If we double tfl 
lection we halve its resistance. If we double the diameM 
we quadruple the section and reduce the resistance to oifl 
qnurter. If we double the length and double the aectisfl 
the resistance remains unaltered. I 

The unit of electrical resistance is called the Ohm. Itis« 
fined as the resistance at a temperature of C, of a ooltiofl 
of mercury of one square millimetre section and of a oertcH 
length. This length was chosen so that the value of » 

tractical ohm might aa nearly as possible equal that deda(M 
■om measui'ements of tlio absolute electro- magnetic unit jl 
A set of auch measurements were made in 1862, bjfl 
committee of the British Association ; and the result of tfafl 

* In tlie ctise of the water. flow we have no one word to eipreee ^| 

strength of the stream, but have to speak of quantity pi^r time, fl 

t These will be dascribod later oa, J Page 4. H 

§ i'or the theory of the determination of the ohm, aee ray " Klfl 

tricitj," 2nd edition, vol. i. p. 303, ■ 
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determination is that the standard mercury column has a 
Aengtii of^ as nearly as possible, 104 centimetres. This is 
the value which is at present in practical use. It may be 
called the B. A. Ohm. 

Recent investigations have, however, shown that it is 
^tout 1 per cent, too low ; and at the Congress of Electri- 
cians, which met in Paris on Sept. 1 5, 1881, an International 
Commission was appointed to re-determine it with all 
possible accuracy. Whatever value the Commission arrives 
^t is to be called the " Paris Congress Ohm,^^ and is to be 
?dopted permanently, and is not to be again chaugod, oven 
^f a further re-determination should show that it is not 
perfectly accurate. 

To get some idea of the magnitude of the ohm, we may 
^ote that a mile of No. 16 copper bell- wire has a resistance 
cf about 14 ohms, while the Atlantic cable has a resistance 
cf about 36,000 ohms. The carbon thread of a 20-candle 
^^Van incandescent lamp (new pattern) had, when hot, about 
/ 00 ohms resistance, while the resistance of the heated air 
^ an electric arc varies from 6 ohms to 1 ohm. 

18. Unit of quantity.— Coulomb. The unit of elec- 

^^ical quantity is called the Coulomb, and we can speak of 
^current as one that conveys so many coulombs per second 
^*^rough the wire. A current of a strength of one ampere 
^Onveys one coulomb per second. This quantity is not 
^noh used in practice. 

19. Ohm's law. The three units, volt, ohm, ampere, are 
Connected by what is known as Ohm's law. 

As we have already said (page 4), Ohm^s law states that 
the current in any circuit is directly proportional to the electro- 
'Motive force, and inversely proportional to the resistance, and 
the units are so chosen that when there is one ohm resistance 

' in circuit an electro-motive force of one volt produces a 
current of one ampfere. 
We see then that two volts acting through one ohm would 

; give two amperes, or one volt acting through two ohms 

I would give { an ampere. 

r Ohm's law may thus be written,— 

^ , . . . ^ Electro-mifttive force in volts. 
Current in amperes = BeBirtance in ohma. 
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This is commonly abbreviated into the form, — 

C=| . . . . (1) 

This may also be written, — 

E = C R . . . (2) 



or,- 



R = § . . . . (3) 

By the use of these formulas we can solve problems such as 
the following, which occur daily in electric engineering. 

(1) A machine gives an electric pressure of 60 volts. 
What current will it send through a resistance of 5 ohms f 

We have from (1),-^ 

60 
= >- ^ 12 amperes. 

(2) What electric pressure must a machine have to fiend 
a current of 2 amperes through a resistance of 25 ohms ? 

We have from (2), — 

E = 2x 25 = 50 volts. 

(3) What is the resistance of a circuit when an electric 
pressure M^f 800 volts sends a current of 10 amperes 
through it? 

We have from (3), — 

800 
B = -Jq^ = 80 ohms. 

20. Units of heat and work, and their relation to 
the electrical units.— Energy and horse-power. ThA 

rate at which energy is being expended, as for instance iu. 
maintaining a cuneut, is, as we have already stated^ coin- 
monly measured in " horse-power.'^ 

One horse-power is equal to 33,000 foot-pounds per minatOj 
i.e. can raise 33,000 lbs. 1 ft. per minute, or 1 lb. 33,000 ft. 
or 100 lbs. 330 ft. in the same time. 

When horse-power is being expended in sending a current .; 
through a resistance, the conductor offering the resistance 
is heated. The quantity of heat produced per minute i» 4i 
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eqaal to the heat which must be expended per minute in 
maintaining the current. 

The horae-power required to maintain a current is, other 
things being equal, proportional to the square of thf cnrrfjut. 
Thus, if one H.P. could maintain one ampere through a given 
resistance, 4 H.P. would be required to maintain "2 amperes 
through the same resistance. 

The heat produced in the conductor is proportional to the 
square of the current. Thus, 2 amperes will produce four 
times as much heat in a certain wire as one will. 

21ie horse-power required to maintain a certain current 
through a resistance is proportional to the resistance, and the 
heat produced by the current is proportional to the resist- 
ance. 

{Corollary. The heat produced per uuit of length in a 
wire, on which depends the temperature to which the wire 
will be raised, is proportional to the resistance per unit of 
length.) 

The horsepower required to maintain a certain current 
under a certain pressure, is proportional to the current 
multiplied by the press2ire. 

Calculations. 
21. Belation between horse-power, current, and 

resistance. One horse-power can maintain a current of 
one ampere through 746 ohms. Or one of two amperes 
through, — 

__ _ _, of 7 id ohms, Ac. 

This is expressed generally by saying that the horse- 
power required to maintain a current is ^^^ part of the 
square of the current in amperes multiplied by the resistance 
in ohms. This is abbreviated as follows^ — 

XT p .... it) 

^•^' ""746 
This may also be written, — 



^, 746 H.r. .. 

C'= n — . . . . o) 




') 



.1 
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or,- 



_ 746 H.P. 
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Problem (1). 

What horse-power is required to maintain a current of 10 
amperes through a resistance of 6 ohms ? 

We have from (4), — 

_10xl0x6_600 
H.l:'. — yg — 7^ 

or a little less than -^ of a horse-power. 

(2) What current can 16 H.P. maintain through a resist- 
ance of 64 ohms ? 

We have from (5), — 

C. = Z^6= 186-5. 

whence C = 13*65 amperes. 

(3) Through what resistance can 10 H.P. maintain a 
current of 2 amperes ? 

We have from (6), — 

R = 2 w 2 — 1^^^ ohms. 

22. Eelation between horse-power, current, and 

pressure. Equation (4) shows us that, — 

HP- = -746- (*> 

Equation (3) shows us that, — 

^ E /. »\ 

»=(3 ^'^ 

Inserting in (4) the value of R given by (3) we have, — 

^•^•=740=746 • • • • (7) 

or the horse-power expended in sending a current through 
any resistance, constant or variable, is y-l-g- part of the cur- 
rent in amperes multiplied by the pressure in volts whidi 
driving it. 
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^Equation (7) may also be written, — 

E = ^^- (8) 



or, 



c=^|:-^-- (••>) 



Problem (1). 

How much heat will be developed in a circuit by a current 
of 18 amperes driven by an B.M.F. of 200 volts ? 

We have from (7), — 

„ ^ 18 X 200 , ^^ , 

= — nTs — = 4*82 horse-power. 

(2) What pressure must a machine have in order that 
5 H.P. may just maintain a current of 25 amperes in the 
circuit. 

We have from (8), — 

746 X 5 
E = 2^ = 149-2 volts. 

(3) A machine has a pressure of 60 volts, what current 
will be developed by 80 H.P. ? 

We have from (9), — 

C = — go — = 994 amperes. 

23. Belation between horse-power resistance and 

I pressure. Equation (7) gives us, — 

' H.P.=|^ (7) 

Equation (1) gives us, — 

0=1 • <^) 

Substituting in (7) fhe value of C given by (1) we have, — 
n-P-=746 = 7461t • • • ^^^) 



f 
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This may also be written, — 
E2 = H.P. 746 E 



. . . (11) 



or, 



R = 



W 



74t) H.P. 



• ■ 



. (12) 



Problem (1). 

What H.P. is expended by a pressure of 99 volts working 
through a resistance of 140*5 ohms ? 

We have from (10), — 

= -0936. 



H.P.= 



746 X 140 5 



(2) What pressure will be developed if j^ of a horse- 
power is employed in sending a current through 30 ohms ? 

We have from (11), — 

£2 = ^746x30 = 2238. 
Whence E = 47'3 volts. 

(3) What should be the resistance of a lamp in ordor 
that when placed on a machine of 65 volts E.M.F. ^ of a 
horse-power may be expended in it ? 

We have from (12), — 

E = 1 y^g = 33*9 ohms. 

24. Relation between work, quantity, and 

sure. If we have a supply of water under constant prt 
which we are using occasionally, say to drive a water-enj 
we can tell how many foot-pounds of energy we have 
at the end of a week, if we know the pressure and the tol 
quantity of water used. 

Similarly, if we know the electric pressure at whi 
our electricity is supplied, and the total quantity of elec- 
tricity which has passed through our circuits, we can] 
calculate the total quantity of energy expended, or of he 
produced in the resistance, however much that resisi 
may have been varied during the flow. 



\ 
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The relation is given by the equation, — 

W = -737EQ .... (13) 

Equation (13) can be derived from equation (7), when we 
remember that 1 ampere equals 1 coulomb per second^ 
and 1 H.P. = 550 foot-pounds per second. The number of 
foot-pounds expended in sending a coulomb through the 
circaity is therefore 550 times the number of H.P. expended 
in maintaining an ampere. 
(7) thus becomes^ — 

W = ^EQ=-737EQ . . (13) 

Where W is the work expended or heat generated ex- 
pressed in foot-pounds, B is the electro-motive force in volts, 
and Q is the total number of coulombs of electricity which 
has passed. 

The equation may also be written, — 



I 



or,— 



Q-._^^^ .... (14) 

W 



Problem (1). 

With a constant E.M.F. of 110 volts how much work 
is expended in sending 10,000 coulombs through a circuit 
f of varying resistance ? 
We have from (13), — 

W = -737 X 110 X 10,000 = 810^00 foot-ponnds. 

(2) How much electricity will 33,000 foot-pounds send 
through a circuit with an E.M.F. of 60 volts ? 

We have from (14), — 

33,000 
Q = »737 X 60 ~ ^^^ coulombs. 

(3) What must be the E.M.F. in a circuit for 1474 foot- 
pounds to send 10 coulombs through it? 



i 
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We have from (15),— 



1474 



Summary of formulae. The following is a sammai 
of the various formulaB which we have explained : — 



C stands for Current in amperes. 
E .. E.M.F. in volts. 



R 

Q 
H.P. 



Resistance in ohms. 

Quantity in coulombs. 

Bate of expenditure of work in horse-power. 

Work in foot-pounds. 



1 H.P. = 33,000 foot-pounds per minute = 550 foot-pounds per secoi 

25. Horse-power and Work. 

H.P. = 



746 
EC 
" 746 

E2_ 

-"746R 
W = -737 E Q 



c-5 

^-R 



26. Current. 



=y 



746 HP. * 



R 

746 H.P. 
E 



(4) 

(7) 

(10) 
(13) 

(1) 

(5) 
(9) 



27. Electric Pressure. 

E=CR (2) 

7'^^H-P: .... (8) 



C 



= sj H.P. 74t5 R 
"■ -737 Q 



(11) 
(15) 



* The symbol >/ means "square root of" the quantity undei 
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* 

28. Besistance. 

R = g (3) 

746 H.P. .r.. 



E2 



746 H.P. 

29. Quantity. 



(12) 



30. Ihe commercial electrical miit.— Definition. 

The unit of electrical supply is defined by the Board of Trade 
lu the Provisional Orders to be 1 000 amperes flowing for one 
hour under a pressure of one volt. 

This is the same as 100 amperes under a pressure of 10 
volts, or of 10 amperes under a pressure of 100 volts, or 
generally as 1 000 volt-amperes. 

31. Value in horse-power per hour. This unit is 

mathematically equal to 1*34 actual horse-power working 
for one hour, i.e. just over 1^ horse-power working for one 
hour.. 

For we have by the formula (7), page 26, — 

EC 
H.P. — 746 

and where 

E C = 1000 

H.P. = ^^ = l-34 (16) 

32. Value in 21-candle Swan lamps per hour. A 

Swan lamp as at present constructed takes exactly xir^^ 
horse-power when working at 21 candles. Hence the cora- 
merciaj unit is a quantity of electricity that will feed 13*4 
Swan lamps, each of 21-candle power for one hour. 

Value in 14-candle Swan lamps per hour. When lamps 
of smaller candle-power are used, one unit of electricity 
will feed a proportionately larger number of them. 

One commercial unit of electricity will feed W x 13'4 
equal to 20 14-candle Swan lamps for one hour. 
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33. Equivalent in gas. Five cubic feet of gas will 
feed one burner of about 14 candles for one hour, 100 cubic '.. 
feet of gas will feed 20 14-candle burners for one hour ; 

Hence . - 

One commercial electrical unit (when feeding Swan lamps) . 

is approximately equal in illuminating power to 100 cubic ; 

feet of gas, 

O"*' . . . . i 

Ten commercial electrical units (when feeding Swaal 
lamps) are approximately equal in illuminating power to ' 
1000 cubic feet of gas ...... (27) 

34. Rule for comparison of prices. We see from r 

the above that to compare the price of electricity with that ^ 
of gas we must multiply the price per electrical unit by 10, _ 
and the result will be the price of a quantity of electricity 
approximately equal in illuminating power to 1000 cubic feet 
of gas. 

When, however, the electricity is used for lighting arc 
lamps the quantity required to produce a given light is only 
about X(T^^ ^f ^^^^ required for incandescent lamps, and the 
cost in comparison with gas is proportionately reduced. 

35. The Watt. The energy developed by one volt 
driving one ampere is called the volt-ampere or wait. It 
is equal to ^^r ^^ ^ H.P., or to y-oVir ^^ ^^ energy which 
will give one unit per hour. 
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1 . What is' an ampere ? 

2. What is a volt ? 

3. What is an ohm ? 

4. State Ohm^s law ? j 

5. How many amperes will a pressure of 120 volts sen^ 
through (a) 10 ohms, (&) 180 ohms, (c) 1 ohm, (c?) ^ ohm? 

6. How many amperes will 100 volts and 142 volts B0i 
respectively through the above resistances f 



ex 
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7. A district has a total resistance of ^V^h ohm, aud requires 
2000 ampdres to light the lamps properly ; what pressure is 
required? 

8. "What is the resistance of a lamp when 45 volts send 
16 amperes through it ? What when 120 volts send \ am- 
pere through it ? 

9. What is the commercial unit ? 

10. How many units will be given by a current equal to 
3 H.P. working for 2 hours ? 

11. How many units per hour, and how many H.P. are 
developed in a circuit where 1500 amperes are driven by 140 
Tolts? 

12. How many units per hour, and how many H.P. are 
developed in each of the cases given in Questions 5, 6, 7, 
and 8? 

13. If Swan lamps are working at an efficiency of 210 
candles per H.?., how many candles do they give per uuit- 

, hour ? 

14. If Swan lamps are working at an efficiency of 210 
candles per H.P., how many lamps of 21 candles each can 
be maintained on a machine giving (a) 10 units per hour, 
(6) 2 units, (c) 250 units ? 

How many 14-candle lamps could be maintained on the 
same machines respectively ? 

15. If gas is 2«. lid. per 1000 cubic feet, and if a gas- 
burner giving 14 candles bums 5 cubic feet per hour, and if 
Swan lamps work at an efficiency of 210 candles per H.P., 
what must be the cost per unit of electricity, so that the 
cost for the same light is the same as that of gas ? 

16. What is a watt ? 

17. How many watts are used in an arc lamp taking 45 
volts and 16 amperes ? 

18. If an incandescent lamp uses 120 volts and '8 ampere 
and gives 25 candles, how many watts per candle is it 
using ? 

19. A district uses 700 electrical H.P. at a pressure of 
142 volts, what is its resistance ? what current does it use ? 



D 
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CHAPTER VI. 

SOURCES OF ELECTRICITY — BATTERIES. 

The two principal sources of electric currents are (1) 
chemical action as exerted in batteries ; (2) electro-magnetio 
induction as produced in dynamo-machines. In the present 
chapter we will speak of batteries, sometimes called voltaic 
or galvanic batteries, or cells. 

36, Theory of the voltaic cell. On joining two metals 

either directly or by a wire, a difference of electric pressure 
is observed. This is a matter of observation, and I am not 
aware that we can say why it should be so any more than 
we can account for gravitation. When the metals, still . 
joined, are partly immersed in a liquid, which acts more upon , 
one than upon the other, the chemical action equalizes the I 
pressures, and in doing so causes a flow of electricity along I 
the connecting wire. The moment the equalization of the 
pressures has commenced, the difference is renewed again at 
the point or points of contact between the metals ; and so, if 
no disturbing cause interferes, a continuous flow of electridtv 
is kept up till the metal most acted on is entirely dissolved. 

When two metals are arranged as above described in a 
liquid, and are in metallic communication, the one which, 
if alone would be most acted on, entirely protects the other, 
and the arrangement is called a voltaic circuity or cell. 

In what follows we will call that part of the metal least 
acted on, which is not immersed in the liquid, the positive 
pole of the battery, and the corresponding part oiE the other 
the negative pole. 

In nearly all practical forms of the voltaic cell, the metal 
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forming the negative pole is zinc; that forming the pu^sitive 
pole vai-iea. 

The simplest form of voltaic cell couaiats of a pl.iLi; of 
copper and a plate of zinc (6g. 12j par- 
tially immersed in diluted * sulphuric acid, 

which acts on the zinc, hut not on the 

copper. With such an arrangement, 

however, the current only coutiuuca for 

a very short time, and then ceases. Kvi- 

dently some diaturbing cnuao is acting. 

Ou examining the copper, it will bo seen j 

to be entirely coated with minute bublilcM, 

■which, if collected and tested, will hj . 

found to consist of pure hydrogen gas. 

If a piece of zinc alone be dissolved iu ^"''' '"■ 

dilute sulphuric acid, the water is dccumpoaud, and tho 

oxygen combines with the zinc, and hydrogen i.s aot free. 
When the decomposition occurs iu a voltaic cell, the 

! hydrogen is liberated, not at the surface of tlie ainc, but at 
that of the copper. 

(The effect of the copper being coatud with hydrogen is 
that a difference of pressure is no longer produced. 
"Why the hydrogen should appear at the copper, and why 
J it should stop the current, is not well understood. 
\ 37. Amalgamated zinc. We have as yet assumed 
that all the metals used are chemically pure. The ordinary 
zinc of commerce of which battery plates are made is, how- 
ever, not pure, but contains many purticloa of iron and other 
metals. If a piece of ordinary zinc be placed in acid, each of 
these pieces of iron, together with tho zinc near it, forms 
an independent small cell, whose circuit is always closed, 
whether the main current is closed or open. The currents 
produced in these small circuits in no way help the maia 
current, while they cause the zinc to bo i-apidly consumed. 

* TJnlesH the contrary is atated. it ia to Le unJoratooil that " diluted 
Bnluhuric acid " meanH ii miiture of eevea piirta (Ijy iucaBUi«) of water 
with one part of acid (Guml. 8p. gr. 1-845).. In mixinj;, care inuat be 
takeo to meaHnrc out tho water first, and theu to add the acid to it. 
It IB very dangerous to add the water to the acid. 

D 2 
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The coat of chemically pure zinc prohibita its i 
different plan is used, which, though probably first adopU 
as a mateshift, ia found to be in every respect equally effi 
oions with the employment of pure zinc. 

It consists in coating the zinc with mercury. ThisJ 
done by £rBt immerHiDg the zinc for a few minntea in dilt| 

'phurie or hydro-chloric acid, so as to give it a cheraict 
clean aur^'ice, and then pouring mercury upon it. 
mercury at once combines with ita aurface, and the wh^ 
of the zinc appears bright like silver. Zinc thus ' 
ganiHted" ia not attacked by dilute sulphuric acid, unleafl 
forma part of a closed galvanic cireoit. The precise actij 
of the mercury is not known. It probably acts by coating ^ 
zinc ami particloa of iron alike with one and the same met! 

38. Constant batteries. To mako a constant battery I 
colt, it is necessary to provi 
some means of freeing r 
pasitivc plate from hydrogi 

39. Smee's cell (Fi 

I J) . In Smee's cell, which] 
shown in section in \ 
the plates consist of zinc i 
platinized silver, i. 
with a deposit of rough pld 

II im in powder on its surfa 
\s this presents a multitdj 

tl points, the hydrogen i _ 
engagesiteelf more easily tW 
from a smooth plate. As silw 
la much more expensive trf 
7inc, tho silver plate is qsueu 
I ivinged between two 
oes, so as to use both aidec 
tl silver, and so get a gre 
I ifiice. Although the d' 
icoof presaureisindependa 
<. t (he size of the plates \ 
quiuiiiy 1 iktti ity jjiuduLed is not, as the larger 6 
plates the less resiatanct, decs the battery itself offer, 
L therefore the more cm rent wdl flow under a given preasi 
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1 40. Two-fluid cells. We have aa yet described only 

witli one fluid. In all these batteries the compoundB 
grmed by the hydrogen return to the zinc plate and retard 
^ action npon it. Cells with two fluids are made to prevent 
"'iH taking place. The two principal types are Grove' a and 
isiell's cells. The latter is used when a constant current of 
>derate strength is required for days, weeks, or months. 
pe former, when a powerful current is required for a few 
JDars. 
I 4L Grove's cell. (Fig. 14.) In Grove's cell, the metals 
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.c and platinum; the fluidsj strong nitric and 
bte sulphuric acids, A cell of thin •pmo^Ls earthenware is 
M with nitric acid, and contaius the platinum plate. Thia 
R is placed inside another cell, usually of ebonite, contain- 
the zinc and dilute sulphuric acid. The porous earthen- 
'St when wet, permits the electricity to pass freely through 
hrhile it almost entirely prevents the liqaids from mixing. 
B%. 14, which shows the arrangement of the plates, 
1 cells are represeuted connocted together, but the 
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reader ia reqnestred for the present to confine his attention 1 
one only. In this coll, the hydrogen which, wherever it ia n 
free, must be formed in the salphuric acid, would had 
\ in order to reach the platinum plate, to travel through % 
nitric acid; or even if it is only liberated on the platinum, it 
still in contact with the nitric acid. The hydrogen andnibi 
acid at once combine, and form nitrous acid and water, bC| 
^_ of which remain in Bolution in the free acid. 

One of the zinc plates and one of the clampa used forholj 
[ ing the platinum against the zinc are shown at the bott^ 
of fig. U. 

Grove's battery has been hitherto the only volfcii 

arrangement used for purposes where great power I 

■eqnired. J 

42. Daniell's cell. (Fig. 15.) In this cell the raetf 

used are ainc and copp^ 

Tho former is usually ii 
nieraed in dilute sulphoj 
acid ; the latter in a saturate 
solution of sulphate of ( 
Iper. In a very convonid 
fform of the cell shown in I 
15, tho zinc in the form^ 
a rod ia placed iusi 
porous cell, and the contain- 
ing vessel being made of | 
copper acts aa the otlw 
plate. 

Inside the copper cell a 
near the top is a c< 
shelf, perforated with i 
holes. This shelf serves I 
keep the porous cell in j 
place. On it are piled nn 
number of crystals o£ m 
I I^ftte of copper. The cell ia filled with a satui-ated solat^ 
y of the same, i.e. with water in which is dissolved 
I maxiraura quantity of sulphate of copper which it 
i contain. 
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\ In tbe imiei' cell is tbe zinc rod, and, according to thd 
poso for wbich the battery is required, either dilate sul- 
furic! acid, salt and water, or plain water; the latter, wMla 
hsing a great dimiuution of power, increasing tUo constancy 
llhe battery. 

^ the cell from which fig. 1 5 is drawn, the copper cyUnder 
fi inches deep and 3 inches in diameter. 
' When the circuit is closed, the hydrogen, whether it comes 
tem the zinc through the porous cell towarda the copper, or 
'liberated on the copper, meets the solution of sulphate of 
pper, and, taking from it an atom of sulphur and four atoms 
oxygen, forms sulphuric acid, and liberates metallic copper, 
och ia deposited on the copper plate. At the same time 
bbate of zinc is formed in the sulphuric acid cell. 
Thus the thickness of the zinc plate diminishes, and that 
the copper plate increases, while the cell is worked. 
Now for each grain of copper deposited on the plate, a 
eaponding quantity of aalphate of copper is destroyed, 
the Bolntion gets weaker. As soon as this occurs, a 
Ition of the sulphate of copper on the shelf is dissolved, 
B part of the liquid which has dissolved it becomea. denser 
nthe rest, and sinks to tbe bottom, and a fresh portion of 
weakened solution comes in contact with the solid aul- 
Lte of copper, and so a circuhitioQ goes on till all the liquid 

Klin satnrated, 
^^ 6 power of this cell steadily diminishes until the dilute 
iis saturated with sulphate of zinc,afterwhich it remains 
lost constant for a very long time. For this reason, when 
hatancy is more important than strength, it is customary 
saturate the solution with sulphate of zinc before be- 
j work. 

leroua other forma of Daniell'a cell are in use, the 
I modifications having been introduced with a view 
preventing tbe mixing which goes on through the walla 
kny porous cell, and because of the resistance which such 
ill offei's to the electrical and chemical action. 
. Latimer Clark's standard cell. Mr. Latimer 

rk liaa dt-viwcd a " Standard Coll," * that is, ■ 
^ Phil. Traus, IST-i. p. 1. 
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whose electric pressure la always constant. Great difficiu 

had been experienced in determining a practical nnitl 

electric pressure, owing to the fact that not only are tin 

differences in the electric pressures of different ordind 

cells, supposed to be of the same construction, but tU 

the electric preasui'o of the same cell varies from day ■ 

day. I 

t With the " standard cell " it is found that as long as ib 1 

not used to produce a current, the electric pressure h 

tween its poles remains ahsolutoly constant. The maximill 

difference' observed in a series of comparisonB betw« 

different models of it during a period of several months m 

not more than -Yi^n paj't of the whole electric pressuM 

and it appears that even this difference might be accountH 

for by an accidental difference of temperature. fl 

The electric pressure which the coll gives at 15°'5 0.1 

^ taken as the standard.* I 

It is found that the force decreases with increase ■ 

teinperaturo, and that the rate of variation for 10° abOfl 

^d below 15°'5 is 0'6 per cent, for each degree cenfl 

. ^ade. I 

"The battery is formed hy employing pure mercta 

I as the negative element, the mercury being covered bya 

I paste made by boiling mercurous sulphate in a thorougiB 

I saturated solution of zinc sulphate, the positive elemM 

I consisting of pure distilled zinc resting on the paste. I 

I " The best method of forming this element is to disso9 

pure zinc sulphate to saturation in boiling distilled watfl 

, When cool, the solntion is poured off from the crystals Ed| 

I mixed to a thick paste with pure mercurous sulphate, whifl 

[ is again boiled to drive off any air ; this paste is then poaifl 

I on to the surface of the mercury, previously heated in a sta 

I able glass cell ; a piece of pure zinc is then suspended I 

the paste, and the vessel may be advantageously sealed ■ 

with melted paraffin wax. Contact with the mercury ml 

be made by means of a platinum wire passing dowu 

glass tube, cemented to the inside of the cell, and dippM 

below the surface of the mercury, or more convenienfly ■ 

I • It equtils V-Vl (qcw) volt. Sec page 22. I 
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mall external glcifis tube blown on to tlie ccU, and opeo- 
iog into it close to tte bottom. Tlio mercuroua stdpbate 
[HgjSOJ can be obtained commercially; but it may bo 
prepared by dissolving' pure mercury in excess in hot sul- 
pharic acid at a temperature below the boiling-point: the 
Jttlt, which is a nearly insoluble white powder, should bo 
well washed in distilled water, and care should be taken to 
obtain it free from the mercuric sulphate (persulphiite}, the 
presence of which may be known by the mixture turning 
yellowish on the addition of water. The careful washing 
of the salt is a matter of essential importance, as the 
presence of any free acid, or of persulphate, produces a 
tonsiderablo change in the electro -motivo force of the 
cell." 

44. Batteries of several cells. We have said that 

wlien the circuit is open (tliat is, when the poles are not 

L .miected), the pressures of the poles of any cell differ by 

'[iiantity which is approximately constant for each kind 

i vll. We often, however, require a difference of pressure 

alor than can be given by any one cell. This is obtained 

(junnecting a number of similar cells " in series," that 
counectiag the positive, pole of one with the negative 
A. of the next, and so on — a number of ixUs so conneotod 
' tiled a voltaic battery. Fig. 14 is a representation of 
■ ■■ love'a battery of four cells. It is seen that the zinc of 
li cell projects sideways over the next, and the platinum 
■ liiit ceil 13 clamped to it. The only reason why the zinc 
I r.es are chosen to project rather than the platinum, is the 

L=;reater expense of the latter, and the fact that owing 
iboir not being consumed, it is only necessary to make 

11 of the thickness of writing-paper, when of course they 
vi- hut small rigidity. 

rims all the poles are connected two and two, except one 
;!i each of the end cells. These two free poles are called 
■IV- poles of the battery." 

Mieir difference of pressure is as many times the differ- 
' '-■ of pressure between the polos of a single cell, as there 

(.ells in the battery, i.e. in a battery of 4 cells, if we 

(juso the difference of pressure between two poles of the 
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same cell to be represented by 2 volts, that betweei 
poles of tbe battery will be represented \yj 8 volts ; if 
are 5 cells, by 10 volts, and sc 
4S. Conventional Bign. 

_l_ III I I-^ VB^Q repeating pictures of the 

'K-^ ■ ' ^^x tery, the conventional sign {fig 

^"^ ^~~^ is used in the diagrams ; the 

' ' and thick lines representing 

'"■ Bpectively the zinc and other p 

and tbe nnmber of them the number of cells. 



QOBSTIONS o» Chaptbb VI. 

1. Describe a simple voltaic cell. 

2. How is zinc amalgamated? 

3. What is required to make a battery " constant " '. 

4. Describe Smee's ceD. 

5. Describe Grove's cell. 

6. Describe Daniell's cell. 

7. For what purpose is Latimer Clark's standarc 
used? 

8. What symbol is commonly used in diagrams to di 
a battery ? 



CHAPTER VII. 



SOUECBS OP ELECTRICITY — BLECTRO-MA.aNBTIC INDUCTION. 

It will be remembered that in Chapter III. we have spoken 
of the lines of force which emanate from the poles of magnets, 
and bave shown how their directions can be traced, and we 
have stated that the space surrounding a magnet, and through 
whicb the magnetic lines radiate, is called a magnetic field. 

46. Electro-magnetic induction. If a wire be moved 

through a magnetic field, an electric pressure will be 
produced between its ends which will be simply proportional 
to the number of lines of force cut by it per second ; lines 

icut in one direction being reckoned +, those cut in the 
other direction being reckoned — , the sign being also 
reversed if the polarity of the field is reversed. 
The number of lines of force cut per second depends. 
First (in a uniform field), on the length measured in a 
straight line from one end of the moving 
i wire to the other; i.e. if A B C, fig. 17, 
[ be the wire, it depends on the length 
^ ADC. 

Second, on the angle which the direction 
of motion makes with the lines of force. If 
the wire moves along the lines of force, it 
will cut none of them ; if at right angles to 
tbera, it will cut the maximum number. The number cut is 
directly proportional to the sine of the angle which the 
direction of motion makes with the lines of force, 
i „ Third, on the number of lines of force which pass through 
each unit of area of the region across Vhich the wire moves, 
i.e. on the strength of the magnetic field. 




Fig, 17. 
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ronrti, on the velocity of motion. 
_Jf the enda of tho wire arc connected by another wire nfi 
I motion, a current will fluw tlirough the wire, mhor-r 
strength depends on the electric pressure produced ami 
on the resistance of the circuit. 

For instance, the circuit ni;iy be completed by means "l" 
two fixed rails, on which the moving wive slides, tho raih 
I being connected at one end. 

If in a nniform field the ends of the wire are connecti't! 
[ by means of a second wire, which also moves across tin' 
I lines of force (fig. 18), no current will be produced. Tin' 
electric pressures in the two 
halves of the ring formed by tlje 
two wires will bo in the same 
absolute direction in space, and 
therefore in opposite directions in 
the ring. In fig. 18 wo supposB 
the lines of force to be perpendi- 
cular to the paper, and to be re- 
presented by the dots. We sup- 
pose the circuit to consist of a 
curved wire whose ends are con- 
nected by a aigzag one, and that 
^^' ''■ it moves in the direction of tlie 
I Isrge arrow. Wo see that each half of the circuit cuts the 
L same number of lines of force, and the electric presaurea aro 
, both of the same magnitude and are in opposite directions 
in the ring, as repveaontod by the small arrows; and there- 
fore there will be no current. 

The moving of a wire across the lines of terrestrial mag- 
netic force will produce an electric pressure between its ends. 
A large portion of the earth's magnetic force is vertical ; a 
horizontal wire moved horizontally and parallel to itself will 
. therefore cut terrestrial magnetic lines. Lot us suppose the 
rails of a railway to be insulated from each other, but con- 
nected at one end through a galvanometer. The wheels 
^ and axle of a railway carriage would complete the circuit. 
1 the carriage moves, an electric pressure will be pro- 
wcen tlie ends of t'lc axle, which will produce a 
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through the galvanometer. If there are several 
Ley will all act in the same direction (like batteries in 
1 circuit). 

nstead of being connected to the rails, the gal- 
ster were connected to the ends of the axle, and 
. in the carriage, no current would be produced, 
ason being that equal electric pressures would be 
;ed in the axle and in the connecting wires of the 
ometer. These pressures would be in the same ab- 
direction, and therefore would be opposed to each 
in the circuit. 

Theory of electric generators. All electric 

itors consist of machines for moving wires past mag- 
or magnets past wires, the connections being so 
^ed that the electro-motive forces genei'ated may pro- 
urrents. 

ur moving circuit consists of a ring which is suffi- 
T large in comparison with the field, we can cause one 
t it to move over the N. pole of a magnet while the 
side is moving over the S. pole, and the electric pres- 
produced in the two halves will then be in opposite 
ons in space, and therefore in the same directions in 
ig, and currents will circulate. 

us suppose our moving circuit to consist of the two 
)f a four-wheeled railway carriage (fig. 19), connected 
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Fig 19. 

es running along the sides of the carriage, and passing 
h a galvanometer carried in it ; and suppose that in- 
of making use of terrestrial ma^gaetism, we bury in 
jrmanent way a number of powerful magnets of 
ite polarity, the distance between the poles being 
to the distance between the axles. We see that 
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tho electric pressures produced in the two axles will be 
in opposite directions, and therefore a curi*ent wjil .circu- 
late until the axles arrive at the neutral point betweesb twc 
poles. The current will then diminish to nothing, arid then 
gradually increase again ; but as the field now being passed 
through by each axle is of opposite polarity to what it was 
before, the current will be in the opposite direction. And 
thus as the carriage moves on, currents will be produced 
which will be reversed in direction each time the centre ol 
the carriage passes a pole. 

The principle of this arrangement is the basis of all 
alternating-current machines. 

We see, therefore, that the only way in which currents can 
be induced in a closed ring or coil of wi/re, is by the approach 
to or recession of the coil from a pole. 

A motion through a uniform field produces equal and opposite 
electric pressures in the two sides of the coil or ring, which 
pressures neutralize each other. 

If the floor of the carriage in fig. 19 had consisted of 
a thick iron plate, the electric pressure produced would 
have been greater, for the lines of force would have been 
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Fig. 20. FiK'. 21. 

nearly verLical, as in fig. 20, instead of partly horizontal, as 
in fig. 21. 

In practice, the only way in which wires can be moved 
rapidly past magnets is by attaching them to the rim 
of a revolving wheel round which stationary magnets ore 
arranged, so that the wires pass the same magnets again and 
again.* 

* Or the magnets may be attached to the revolving wheel and moved 
past fixed wires. 
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i Anofl^Br way of enabling the induced electro-motive foices 
f foprodoce cu^j^ents, is that invented by Professor Paccinotti 
in 1863, and known as the " Paccinotti or Gramme ring/' 
By this apparatas the currents are produced continuously in 
one direction. Its principle is the basis of all cohtlnuous- 
current machines. We shall fully describe it in Chapter XVI 1 1. 

48. Direction of the induced currents.— Lenz's law. 

In 1834 Lenz enunciated the following remarkable law : — 

Whenever a current is induced in a circuit hy the relative 
motion of the circuit and of a magnet, or of anotlier circuit 
'rarrying a current, the direction of the induced current is such 
hat hy its attraction 01* repulsion on the inducing magnet or 
drcuit it opposes the motion. 

We see that if this swere not so we should have a " per- 
petual motion/* as the induced current might produce the 
motion which itself produced the induced current. 

49. Induction oy variation of current in one of 

two stationary circuits. If an electro-magnet, or a cir- 
cuit (which may be regarded as an electro-magnet without 
an iron core) be placed near a coil of wire, and the current 
in the electro-magnet be made to vary, currents will be 
induced in the circuit as long as the variation continues. 

The direction of the current produced by increasing mag- 
netism is the same as that produced by an approaching polo, 
that of the current produced by decreasing magnetism is the 
same as that produced by a receding pole. An increasing 
current in the electro-magnefc induces a current in a direction 
opposite to its own ; a decreasing current, one in the same 
direction. The action of the induction coil * depends on this 
law. 

50. Iron core. An iron core may be placed in the cir- 
cuit in which a current is to be produced. This generally 
increases the efiect as it strengthens and concentrates the 
lines of force. 

51. Effect of the iron core on the coil surrounding 

it. If the magnetism of the iron core is altered, as, for 
instance, by moving a magnet to and from it, currents will 
low in the coil as long as the change continues. 

* See Chapter XXI. 
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While the magnetism of the core is increasing, the 
tion of the induced current will be such that it will tend 
make the iron core a magnet having opposite polarity 
that actually caused by the induction of the neighboi 
magnet. 

While the magnetism is decreasing, the direction of 
induced current will be such that it will tend to make 
iron core a magnet haying the same polarity as that acl 
caused by the induction of the neighbouring magnet. 

52. Dynamo machines. Generators of electric 
based on the principle of electro-magnetic induction 
called dynamo machines. They all consist of machines 
moving magnets past coils^ or coils past magnets^ with coi 
siderable velocity^ as we have already stated. The 
practical way of carrying out such motion is to make it 
cular, and^ generally speakings all dynamos consist of 
circular rings or wheels, on one of which electro-magnets 1 
fixed^ and on the other coils of wire. One of these wheels il 
fixed, and the other is made to revolve by suitable 
machinery. 

Dynamos are of all sizes, from toys which can be tumedj 
by one hand to machines which will work 5000 lamps eachyj 
and each take a 500 H.P. steam-engine to drive it. 

Some details of various dynamos will be given in a later] 
chapter. 



Questions on Chaptbe VII. , 

' 1. What happens if a straight wire is moved through a 
magnetic field ? 

2. What happens if a ring of wire be moved in its own 
plane through a uniform magnetic field ? 

3. In (1) what happens if (a) the speed is increased^ 
(6) the strength of the field is increased ? 

4. State Lenz's law. 

5- ^' w that if Lenz's law did not hold, we could obtain 
'' notion ^\ 
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6. A coil of wire forms a closed circait^ what happens 
prben one end of a magnefc is (a) suddenly pushed into it^ 
(6) suddenly withdrawn. 

7. A coil of wire has an iron core ; what is the effect of 
varying the magnetism of the core ? 

8. Let a closed coil of wire with an iron core be set up on 
end^ and a watch laid on its back near it^ will the direction 
of tbe induced currents be the same or opposite to that of 
the motion of tlie hands of the watch when a steel magnet 
is moved as follows with respect to the upper pole of the 
core, — 

(a) N. pole lowered towards it, 

\U) o. „ ^ „ „ „ 

(c) N. pole raised from it, 
{d) S. „ „ „ „ ? 
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ihat the ring lies in the magnetic meridian^ and therefore 
the needle lies in the plane of the ring. When an electric 
current is sent round the ring^ it deflects the needle. 

Mathematical reasoning * shows us that the strength of 
the current is proportional to— 

(1) A quantity depending on the construction of the gal- 
vanometer, and called its *^ constant.'* This quantity can be 
determined once for all for each instrument, and marked 
on it. 

(2) On the strength of the earth's magnetism for that time 
and place of observation. This quantity can bo obtained 
from the constant records taken at Kew Observatory. Its 
variations, however, are so small, that for most observations 
it can be considered as a constant quantity. 

(3) To the tangent of the angle of deflection. The nature 
of the tangent of an angle is fully explained in all books on 
trigonometry, so need not be explained here. Tables are 
published giving the tangent of every angle, and it is neces- 
Bary to have such a table to refer to in measuring currents 
hj the tangent galvanometer. 

The single ring is the simplest form of the galvanometer, 
but it is not suited to accurate work, owing partly to the 
Vant of security as to the ring remaining perfectly plane and 
ligid, and partly to the comparatively high ratio which the 
irregular action of the connecting wires bears to the regular 
action of the ring. 

The following is a better form of the instrument (fig. 
23):— 

^ Two rings are used, one on each side of the needle, so 
placed that the centre of the needle is at the centre of their 
common axis (or line joining their centres), and that this 
line, when the instrument is adjusted, is at right angles to 
the magnetic meridian, i.e. lies magnetic B. and W. The 
rings are made of wood, and the wires are wound on 
them. In a groove at the outside is a massive copper 
ring, which is used only for rough experiments . with very 
powerful currents. The rings on each side are con- 
nected so that the current goes in the same direction 

* See my " Electricity," 2iid edit. vol. i. p. 24j6'. 
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throngh each. The inside of each ring is turned s6 a 
make part of a cone, such that, if it were continaedfl 




apex would be at the centre of the needle. On this three 
[ coils of wir0j of respectively 3, 9, and 27 windings, are laid : 
they are, of course, covered with silk or cotton to maki 
the current go round and round, instead of merely acm^^ 
from one wire to another. Each winding produces its o"li 
effect on the magnet, and thus with a current, Buch that its I 
effect when in the single ring is unity, we can produce an I 
eiJ'ect on the needle equal to 3, 9, or 27, or any combination I 
of the sums or ditferoneea of those numbers. \ 

The needle is a short pointed one with a piece of agate let in ' 
to the top of the cap where it rests on the pin, while to allun 
a larger divided circle to be used, a light aluminium needjf; i- 
attnched to it, 
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ITho needle is arranged so that the poiDts of the aluminiam 
Bcetlle !ire as nearly aa possible in the hno of magnetiza- 
(i"ii. Any error iu this adjustment is, however, corrected by 
xiag' alternate readings with the current iii opposite 
ructions ; the one reading will then bo as much too great 
.1- the other ia too small, and the mean will be the true 

I reading. 
Let us take an extreme case as an illusti'atton, and suppose 
that the angle between the magnetic axis of tho needle and 
the line joining the points is 1°, and let us suppose that 
the cnrrent causes a deflection of 30" of the magnetic 
Rsis {fig. 24), Then the reading in „ 

line direction will be 29°, and in tho 
■ ■ tlier 31°. The mean is 30°, the true 

■ tlcction ; and wo see that to deter- 
jinetliisdoesnot require a knowledge 

■ ■; lie angle between the direction of f 
llie pointLT and the magnetic axis 
Iho needle. This can, however, be 
easily obtained if wanted, for it is 
eridently half the difference between 
tie two readings. 

Tho instrument is supported on ^'*^' "' 

ilirce K-velling screws, and the base and supporting pillar 
■■\\*i connected by a pivot, which enables the latter to be 
mnied round so as to adjust the circles in the meridiau, 

55. Sensitive galvanometers. — ^Astatic needles. 

ruler the head of sensitive galfanometers comes all those used 
!■ detecting or measuring feeble currents. The astatic needle 
au arrangement used inmost galvanometers of this sort 
liimiuish the earth's action, while at the same time it 
.'■reasea the action of the cmTent. The needle consists 
■ [ wo magnets, almost, but not exactly, of tho samo strength, 
' ' uDected together by a rigid bar, with their similar poles in 
I'posite directions. Thev are usually not pivoted, but hung 
'y a silk thread. The marked end of the stronger magnet will 
i"iut to the north, but if the combination be deflected by 
any means, the force tending to bring it back to the meridian 
will only bo the difference of the forces exerted by the earth j 
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Oft tlietwomagrxetsrei^peetirdET. The eotl of wire th 
whiA tbe enrreau posses fase szi opening- left near the * 
of the top side, amd the coimeciatg^ fanr of the mi 
foaeea tBraogh it. Oae Doagnec thns hangs inside th 
and the other jost aboTe it (^, 2^y A reference 
6 win dM>w that the acticHis of die top and bottom < 
coil on the lower needle are in the same direction^ 
thongfa the actions on die npper needle are in op 
directions, that of the top of the cofl which is neares 
therefore most powerfol, is in the same direction as thi 
the lower one. 

In sensitiTe galTan<»netcT8 the corrent goes many^ 
several thousand, times round the needles 



i 




Fig. 25. 



56. Sir Wm. Thomson's reflecting galvanomc 
— The lamp, scale, and mirror. To detect and me 

small angular deflections of a needle, a long poin 
noccHsary ; but, if a long material pointer were attach 
tho noodio, its weight would destroy the sensitiveness i 
instrumont. 

Sir Wm. Thomson has therefore arranged a methc 
wliich a hGcim of light is made to act as a pointer c 
length, and absolutely without weight. 
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■ntl of a pointer whose 
n tbo miri\ir to the 



cirenlar mirror, 3}>oab \ of an mch in diaraetor, is 
ly attac'Iied to tlie needle, or Tether the needlea are 
ated on to tlio back of the mirror. 
lamp and scale, of which tliii ^ 
(that is, tho aide furthest from 
galvanometer) is shown in fij,'. 
placed on the table aboat two 
om tho inatrument. The light 
la through a small opening in 
lower part o£ the scale, falls on 
'rror, and ia reflected on to tlie 
part, making a spot of light, 
last motion of the nisedlc ami 
■, of course, moves tho spot 
along the scale, 'ilio distance which 
it moves is equal to that which 
would" havD bcBu traversed by tho 
radias was doublu the distance fr 
scale.* 

The aperture through which tho li<;ht passes issomotimes 
a vertical slit, sometimes a round hole, with or without a 
vertical wire stretched across it. 

Sometimes the mirror is plane, and the light is brought to 
a focna on the scale by means of h Ifns. Sometimes the 
mirror is concave, and the lena is di-spcnsed with. 

When the slit is used, the moving image is a vertical line 
of light; when the hoie is used, it is a bright disc crossed 
^y a tine vertical black line, the imago of the wire. 
■[The scale is usually divided into millims., and printed block 
^B white glazed paper. 

F^i using a Hat-wicked parafiiu-i.iiiip, the wick should 
be placed "edgeways" — that is, iit right angles to the 
scale. 

These galvanometera are sometimes male astatic, some- 1 



• Any boy wlio has ever amtiBeil Iiimaeir 1iy tlirowiiig sunlight from 
a looking-glaas into hJE neiyhbotir's wiiiilows will know wliat ft 
small motion of the boking-glnsis is milHciuut to give a largtt 
motion to the ujiot ol light. 
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ways in tlieao two eoils. The coila are sometimes en- 
closed in a vertical cyliniler of glass, and sometimoa in 
a square glaea case. As the magnet and mirror system 
is ueceasarily somewhat heavier in this construction, an 
alaminium fan is sometimes attached to it to check its 
vibrations. The other details are similar to those of the 
tripod form. 

57. Meaeurement of strong currentB. — Siemens* 
electro -dynamometer. Numerous instruments are in uae 
for measuring strong currenta, but we will only here describe 
one, namely, the Siemens electro-dynamometer. 

The principle on which the electro- dynamometer is founded 
ja the fact that two neighbouring wires carrying currenta 
attract each other if the currenta are in the aame direction, 
and repel if they are in opposite directions. 

The instroment aa constructed by Messrs. Siemens con- 
sists of a fixed coil of wire (fig. 29) of the shiipo of n flattened 
ring, find a ring of ono or moro turns of stout wire sus- 
pended by a thread and a spiral spring. The plane of the 
auapended ring in itspoaitiou of rest is at right angles tu 
that of the 5xed ring. The two ends of tho auaponded ring 
dip into mercury cups, which allow a current to be sent 
round it while it ia still quite free to turn. ITie wires arc 
connected so that a current entering the instrument passes 
through both the fixed and suspended coils. 

The ring auaponded by the spiral spring has its upper end 
attached to a nut or button called a " torsion heaJ." The 
latter carries a pointer, wbieli, when the torsion bead is 
turned by hand, moves over a scale of degrees, and indicates 
through what angle tho top end of tho spring haa been 
twisted. 

When a current ia sent through the instrument the aus- 
pended coil is deflected, but ia prevented moving more than 
about 5° by a stop. The torsion head is then turned by 
hand until the twist or torsion of the spring, acting againsi 
the current, brings tho suspended ring back to its zci' 
position. The number of degrees through which the torsii.i^j 
head has bud to bo turned ia a measure of the strength ol 
tho current. A table ia supplied with each instrument, show- 



Siemens' Blectro-dynainomelcr. 

in^ the DQinber of amperes correspondiog to each degroe of , 
Iwist, The table is prepared by compariog the indications 
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of each inatrumeut with those of an absolute electro-dyM 
mometer,* when the same currents are sent through bi^ 
instruments. Some of the instruments have two fisei3 coujl 
one consisting of a good many turns for fooblo currents, tn 
other of a few turns for strong currents. Such instrumesd 
of course have two reduction tables, 1 

Thus to measure a current with this inBtrument, we fiiH 
level the instrument carefully, and adjust it so that the sn 
pended coil hangs at its zero position. If the instrumonti 
in proper order, this will bo when the torsion pointer ia afl 
at zero. We then send the current through it, and thfl 
turn the torsion head until the suspended coil returns a 
zero. Wo then look in the table to aeo what current confl 
spends to the reading of the torsion pointer. ■ 

It sometimes happens that owing to the instrument beifl 
a little out of order, the torsion head has to bo turned a fifl 
degrees from zero, in order to bring the suspended coil 9 
its zero when no current is passing. When this has to .■ 
done, the zero eiTor must be subtracted from or added.l 
the reading of the torsion needle, to give the amount 9 
torsion balancing the current. I 

For itiatance, suppose when no current is passing, thabV 
order to bring the coil to zero, the torsion needle has toll 
moved 4° in the same direction as that in which it is afbfl 
trards to be moved to balance the current ; and that ■ 
position when the current ia balanced is at the 20° mark.l 

Then, in order to balance the current, we have moyed ^| 
torsion needle from 4° to 20°, that ia through 16°, and <m 
current will bo that corresponding not to 20", but to lt)°fl 
the table. ^W 

If we had previously had to move the torsion head 4*'B 
the opposite direction and it balanced the current at 20°, fl 
should have bad to move it from —4° to 20°, i.e. throtfl 
24° ; and our current will bo that corresponding to 24i9 
the table. I 

The chief advantage of the instrument ia that it measofl 

"alternating" currents as well as direct ones, for the ^ 

traction simply depends on the currents in the coils bein^f 

* See mj " ElectTicity," 2nd edit. vol. ii. p. 79. ^| 



Qtustic7is on Chap, VI I L 6 1 

jhe same direction^ and is not affected if they are both re- 
T^ersed. This is important^ as a large class of the machines 
used in electric lighting give currents whose direction is re- 
versed many times a second. 



Questions on Chapter VIII. 

1 . Describe the tangent galvanometer. 

2. What is an astatic galvanometer. 

3. Describe the reflecting galvanometer? 

4. Describe the Siemens electro-dynamometer. 
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CHAPTER IX. 

MEASUREMENT OP RLECTEIC PEESSDBB OR ELECTRO-MOTIVE 

FORCE. 






58. Electric pressure so closely resembles water pressure 
that we shall more easily understand the methods used to 
measure it if we first discuss methods by which water pres- \ 
sure, or the difference of pressure between two points in a 
stream of water, might be measured.* 




{ 



t^ 



^' 



jIDO 



■ J. jaaiBi J 






VIMfJ^ 




— E*--.J? 



Fig. so. 



* It must be understood that the conditions of water and electric 
pressure are not precisely similar, and that therefore these three 
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Fhe first is wliat may be cidled the Condenser or reser- 
ir method.^ 

Suppose we have a current of water being forced round a 
>e by a pump^ as in fig. SO, we see that the quantity of 
ber which will circulate per minute will depend on the 
assure applied by the pump. Now suppose we cut the 
e at the top, as in fig. 31, and insert in the cut part a 
Inder with an elastic membrane (M), such as a piece of 
ct india-rubber, stretched across it. 




Fig. ai. 



The water can no louger circulate, but the pumping may 

continued for a short time, until the membrane is as 

ich stretched in the direction of the arrow as the particu- 

thods have been selected, not as the three best methods of mea- 
ing water pressure, but as those which most closely resemble the 
ee best methods of measuring electric pressure. 
* To prevent possible misapprehension, it may be here stated that 
x^ndenser is quite a different thing to a ** storage battery" or 
" accumulator. 
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lar pressure then being applied by the pump is able to 
stretch it. We see that the greater the pressure the more 
the membrane will be stretched, and the more water wiH 
enter the right-hand side of the cylinder. 

If, when the stretching has proceeded as far as the puma 
is able to carry it, we close the tap Ti the apparatus wiu 
remain ^^ charged ^' and with the membrane stretched for 
an indefinite time. 

If now we open the tap Tj the elasticity of the membrane 
will cause it to straighten itself, and the quantity of water 
which flows out or is discharged will depend on how much 
the membrane has been stretched, or, in other words, ihi 
quantity discharged will measure the pressure which ha^ been 
employed in charging, 

59. Condenser or reservoir method of measuring 

electric pressure. We note that the cylinder in fig. 3 1 forma 
two reservoirs for water which are separated by a membrane 
which can be stretched by water-pressure, allowing more 
water to enter one half of the cylinder, the excess of water 
in one half depending on the difierence of pressure on the 
two sides. 

In the electrical case the cylinder is represented by two 
conductors of electricity, such as two sheets of tinfoil, 
separated by something which the electricity cannot pass 
through, but which can be electrically stretched according 
to the electric pressure applied to it, that is, according to 
the excess of electric pressure applied to one tinfoil over 
that applied to the other. 

For this something, glass, mica, and paraffined paper are] 
used. 

Fig. 32 shows how electric pressure may be measured by 
such an apparatus. 

We note that as the ends of the water-pipes dip into aa! 
open tank, so the ends of the electric wires are connected] 
to the earth. 

B is the battery which generates the pressure we wish 
measure. 

C is a piece of glass with a sheet of tinfoil pasted on em 
side of it, called a Condenser. 

1 
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The electric pressure from B '' charges the condonser^ 
iiiat iBy electrically stretches the glass. By means of the 
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Fig. 32. 



tap Ti the condenser is separated or insulated from the 

t*^ battery, and by means of a tap Tj the condenser is then 
''discharged'^ through an apparatus which measures the 
t quantity of electricity sent through it. This quantity is a 
measure of the electrical stretching of the glass, and is pro- 
portional to the pressure by which the coudenser was 
charged. 

4 60. Practical form of the above experiment. The 

I following is the manner in which the experiment above 
5i-f described is carried out in practice. 

I For accurate work the condenser requires to have a large 
4inrfiBice. Instead of one large sheet it is, for convenience, 

'constructed of a large number of alternate sheets of mica 
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and of tinfoil. All the sheets, 1, S, 5, 1, &c., of tinfoi]<l 

connected to one wire, and the alternate ones, 2, 4, 6 
&c., are connected to another wire, and correspond i 
tively to the two sheets of tinfoil shown in fig. 32. 




T 



The sheets are all contained in the vulcanite box C, t 
the two sets are connected respectively to the two bn 
knoba on the Ud, B ia the battery, and the taps are I 
placed by the " key " T, The) lever is connected to \ 
condenser, and can be set in three positions. 

In the position (1), when the lever presses against \ 
lower stttd, the battery charges the condenser. 

In the position (2) the battery ia disconnected. 

In the position (3), when the lever presses against the 
upper stud, the condenser ia discharged through 
apparatus used for measuring the c' 
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This consists of a Thomson's galvanometer as described on 
)age 55. The first sndden swing of the needle (as indicated 
>y the motion of the light spot) is proportional to the 
itmount of charge, that is, to the pressure of the charging 
battery. 

In order to determine what pressure a certain swing cor- 
responds to, the experiment is first made with a Latimer 
Clark^s standard cell (see p. 39) whose electric pressure is 
known, and then with the battery whose pressure is to be 
measured. 

The ratio of the two swings is equal to the ratio of the 
two electric pressures. 
Instance : — 

A Latimer Clark's cell has a pressure of 1*42 volt. In a 
particular condenser experiment it gives a swing of 350 

divisions of the galvanometer scale. 

What is the electric pressure of a battery which, under the 

same conditions, gives a swing of 500 divisions ? 
L Answer : It is |-g^ of the pressure of the standard cell, 
^i.e. it is |f§ X 1-42 volts = 2*029 volts. 
\ In cases where the pressure to be measured is much 
I greater, say 50 or 100 times greater than that of the stan- 
I dard cell, a branch wire called a " shunt ^' is connected 
V across the galvanometer poles, so that only a small definite 
■ proportion, say y^, of the electricity discharged passes 

I through the galvanometer, and the other -j^ passes through 

the wire. The deflection is then only y^ of what it would 

I have been if the whole current had passed through the 

^galvanometer, and much higher pressures can then be 

■ brought within the range of the instrument. 

f The results calculated when a shunt is used must be 

Xnultiplied by the number representing the ratio of the whole 

discharge to the fraction of it which passes through the 

galvanometer. 

61. The [second method may be called the direct or 

Pressure-gauge method. 

Water pressure may be measured by means of a pressure- 
gauge. The simplest form of water-gauge would be a 
cyUnder and piston, the piston being pressed up by the 

F 2 
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water. Weights could then be laid upon the piston till the 
upward pressure of the water is just balanced. If the piston 
were exactly one square inch in area we should know that 
the weight which will just keep it down is equal to the 
pressure per square inch of the water.* 

Electric pressure can be measured in the same way. If 
two conductors be placed near each other and connected 
respectively to the two poles of a battery, but not connected 
to each other, the current will wish to flow from one to the 
other, but will not be able to do so. They will then attract 
one another, and the attraction or the mechanical pressure 
forcing them together will be proportional to the electric 
pressure of the battery charging them. The mechanical 
pressure is practically very small, but can be measured by 
means of a fine spring. Thomson^s and other absolute 
electrometers work on this principle, but the simplest 
instrument to illustrate it is Metchim's sine electrometer. 

This instrument consists of two metal plates placed very 
near each other, one (a) (fig. 34) rigidly attached to the 
frame of the instrument, the other (6) hinged. The two 
plates can be set vertical or in any inclined position by a 
screw. When the plate a is vertical and the plates are not 
charged, 6 also hangs vertical. On the plates being 
charged fc is attracted towards a, and forms an angle with 



I 



d> .' 



1.1 



Fig. 31. 
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Fig. 36. 



Fig. 36. 



* Locomotive steam-engines work at a pressure of about 140 Itl 
per square inch. 
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t, as in fig. 35. a is then tipped over by the screw, so that 
the weight of h pulling against the electric pull causes it to 
Pall away from a till it is again parallel to it, as in fig. 36. 
Knowing the angle through which we have tipped the plate 
a, we know how much leverage we have given to the weight 
of hy and we know that the electric pull was equal to the 
pull due to that weight. Thus we can calculate the electric 
pressure. 

62. The third method of measuring pressure may be called 
the Small current method, and is the one most useful in 
practice. 

K we wish to measure the pressure of water in a reservoir 
we may drill a fine hole in it so that a little water may 
squirt out, the hole being so small that the quantity of 
water flowing out will not appreciably reduce the pressure. 

The strength of the jet or stream which flows out will 
be a measure of the pressure. 

The difierence of electric pressure at any two points of a 
circuit, say the two sides of a lamp or the two poles of a 
battery, may be measured by attaching to those points the 
Wes of any kind of galvanometer of high resistance. It 
Daust be of high resistance in order that the quantity of 
electricity flowing through it may not alter the pressure. 

Any form of high resistance galvanometer where the 
iieedle is deflected by the current may be used, or we may 
Use the method invented by Captain Cardew, and known as 
^^ Cardew's Voltmeter.^^ This is, on the whole, the best 
Voltmeter which I know, and it has the advantage of not 
^eiDg affected by moving masses of iron or magnets near it, 
^nd it gives the same indication for ^^ direct '' and for 
* alternating ^^ currents. 

It consists of a fine platinum-silver wire about six feet 
ong, one end of which is fixed and the other takes a turn 
?ound the spindle of the indicating hand, and is kept tight 
by a spring. On the two ends of the wire being connected 
:o two points of different electric pressure a current passes 
jhrough it, whose strength depends on the pressure. This 
leats and expands the wire, and as it expands it turns the 
ipindle and the hand. 
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The tribe is made about three feet longhand the 'Wire 
passes round a pully at the top of it. This is to save- 
space. 

The tube is made of two metals^ so that its expansion: 
rate is equal to that of the wire. Thus a change in the^ 
temperature of the room aflTecting the whole instrument ^ 
equally does not affect the indicator. 



Questions on Chaptee IX. 

1. What are the three principal methods of measuring 
electric pressure ? 

2. What is an electric condenser ? 

3. Give a mechanical illustration of the condenser method 
of measuring electric pressure, showing how water pressnie 
might be measured by an analogous method. 

Illustrate your description by sketches. 

4. Describe a practical form of condenser. 

5. Show how to measure electric pressures with it. 

6. Show how water pressure can be measured directly. 

7. Describe a simple form of water pressure-gauge. 

8. Explain by what analogous method electric pressure 
can be measured. 

9. Explain with sketches the principle of Metchim's 
electrometer. 

10. Show how electric pressure can be measured by the 
small current method. 

11. Give an illustration showing how water pressure conid 
be measured by an analogous method. 

12. Describe Cardew^s voltmeter. 
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EXPXBIHENTAL HEA8TJBEMEIIT OF RESISTANCES. 



Resistaisices are measured by comparing them with the 
resistances of certain standard coils, each of which has a 
resistance equal to so many ^' ohms /' that is, each of which 
is equal to the resistance of so many columns of mercury 
one square millimetre in section and 104 centimetres long. 

63. Wheatstone's Bridge. We will suppose that we 

are furnished with a set of resistance coils, and that a wire 
is given to us of which we are to determine the resistance. 
"We use an arrangement invented by Mr. Christie, and 
called *^ Wheatstone's Bridge.*' 

We will first describe what may be called the " lecture 
model '^ of the apparatus, 

as it is a machine easy to 

understand^ but incon- 
venient to work with, and 

then go on to describe the 

forms in practical use. 
The lecture model (fig. 

37) consists of a board on 

which is fixed a " diamond '^ 

of metal strips. At the four 

comers, A B D, are bind- 
ing screws, while in each 

side is a break with binding pj^ 37 

screws at each end of it. 

To two corners opposite to each other are connected the 
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battery wires; to the two other corners, those of the gal- 
vanometer. In the four breaks are put three known re- 
sistances, which we call S, 5, and R, and the unknown one 
which we call aj. We then vary the resistance E, and we 
shall find that at one particular value, the currfifnt cj the f 
battery produces no deflection of the galvanometer. ' IWien 
this is the case, we have, as we will prove immediately, 

Eatio of « to E equals ratio of a to S ; 
from which x can be found by simple proportion. 

64. Theory of Wheatstone's Bridge. To understand 

this, we must note the following direct deduction from 
Ohm's law : — 

If a wire of uniform resistance be connected to a battery, 
the pressure varies regularly from one end to the other of 
the length — that is, at the middle point the difEerentie of 
the pressure from that at either end is half that of the ends. 
At \ from one end the pressure difiers from the pressure at 
that end by \ of the whole difference j and so on. 
I More generally, in any wire the pressure varies regularly 
along the resistance — that is, if there be a wire of 10 units 
resistance, and the pressure at one end is zero, and at the 
other is 100, the pressure at one unit from the first end wiU 
be 10, at two will be 20, at three 30 ; and so on { 

When the battery is in action, the current, on'arriving at % 
A (fig. 37), divides, as a stream might divide into two 
channels round an island, and part goes by the road ADO j 
part by ABO. 

Let us now draw straight lines, ADO, ABO (figs. 88, 
39), representing the resistances in the two courses, and i 
let us draw vertical Hues AL at the ends A, representing ) 
the difference of pressure between A and 0. 

Let AD represent the resistance 5, DO the resistance a*, ' 
then the total resistance of the branch of the circuit, con- 
taining 8 and aj, is represented by the line ADO. Similarly 
the resistance of the branch containing S and R is repre- 
sented by ABO. 

The length of the line AL, which represents the excess of 
the pressure at A over that at 0, is of course the same in both 
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I diagrams. Draw lines LO in each. Now, by what we have 
jast stated — viz. that the pressure diminishes regularly — 
the pressure* at any other point in the circuit can be 
aiepresented by the length of a vertical line drawn from the 
M^orizo'nt^ line at that point to the sloping line. The 
■ pressure at D, where one of the galvanometer wires is 
\ alitached, is represented by the length DM (fig. 38). t lu 
a similar way that at B, where the other wire is attached, is 
represented by BN (fig. 39) . 
No.w, the eflFect of altering the resistance E will be to 




Fig. 38. 
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alter the pressure at B ; for, suppose R increased so ^s to 
bring C to the position C, then the fall of the pressure 
would be represented by the dotted line LC, and the 
pressure at B would be represented by the length BN'. 
Let us then, vary R until BN equals DM, iheny the ends of 
the galvanometer wire are at the same pressure, and there is 
no current through it. 

But as the lieight AL is the same in both triangles, the 

* By " pressure " we mean " excess of pressure over that at C." 
t Tne galvanometer circuit being broken. 

i 
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heights at any other points D and B in the bases 
tively can only be eqnal when the ratio of AD to DO-^i 
is, of 8 to Xy is eqnal to the ratio of AB to BO — ^that is, 
S to B * — or^ the galvanometer is at zero when 

Eatio of fi to X equals ratio of S to B. 

But when two ratios are eqnal^ the ratio of the first 
of one to the first term of the other is eqnal to the ratio 
the second term of the one to the second term of the other.;] 
therefore^ when the galvanometer is at zero^ we have 

Ratio of a; to B equals ratio of « to S ; 

or, X equals E, multiplied by the 

Batio of 8 to Sj 
which is written — 



B 



Thus, when the galvanometer is at zero, x is known if the 
other three quantities are known. 

The student will find it a useful exercise to prove for 
himself that it is unimportant at which pair of comers the 
battery wires are attached — that is, that interchanging the 
battery and galvanometer makes no difierence. 
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65* In practice the galvanometer and battery should be so 
* The student is advised to test this with a scale drawing. 
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arranged ttat the two branelieB of the battery current en- 
counter aa nearly as possible the same resistance. 

For instance, let us suppose S and s each equal 100, and I 

R equal 750. Then „ = 1 ; and, therefore, ic = E, and our | 

four branches will be as in fig. 40, The battery wires I 
stoald now be attached to AC, and the resistance in each j 
branch- will equal 850. If they are attached to BD, tbe 
resistance in the one branch is 1500, and that in the other 
only 200. Now, however, suppose we have 

IS = 1000, 1 = 10, and R = 2800. 
We have, to find a-. 



= E o = 2800 ,- 



We must now attach the battery wires to BD, as in this 
case the resistances of the two branches will be lOlO and 
2828; whereas, if we attach them to AC, the resistaocoa 
will be 38 and 3800. 

The objection to having a large difference in the branches i 
is that nearly tbe whole current then passes through ths I 
circuit of least resistance, and heats it, thereby increasing J 
tlie resistance on that side (for the resistance of a wirs J 
increases when it is heated), while, when the current is4 
iibout equally divided, the increase of resistance due to thel 
boating is about tbe same on both sides. 1 

For convenience of calculation it is usual to make S a 1 
decimal multiple, or submultiple of sj then, when the j 
balance is established by varying R, it is only necessary to 
multiply R by some power of 10, to find a;. ' 

66. jPractieal Forms of Wheatstone's Bridge. 
The form of bridge above described is never used except 
for lecture purposes. Two principal forms arc used in 
practice. The one which is most used is called a " resist- j 
ance bos," and the other is called the "sliding bridge." I 

67. Sliding Bridge. This latter (figs. 42, 43) consists I 
of a horizontal board, with a straight wire of high resistance J 
stretched along one side, and a copper strip with gaps in i' 
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along the other. The diagram (fig. 43) should be coi 
pared with that of the lecture model (fig. 37) — the sai 
letters indicate the same points in both. 




Fig. 42. 




Calwznoiiifter 



Satiery 



Fij?. 43. 

The connections are made as shown; R is not variabl 
but is chosen arbitrarily. A, one of the battery wires, 
attached to a slider which slides along the resistance wir 
Now the wire at one side of A is S, that at the other s. 
is obvious that, if the resistance of the wire is uniform, tl 

ratio o- will be equal to the ratio of the lengths of the wir 

on each side of the slider. A scale is fixed on the base, ai 
if we suppose the equilibrium to be established with t 
slider at, say, 35, as in fig. 43, and suppose that R = 1( 

we shall have 

B 35 700 

a; = E g = 100 ;jg = -y = 77, &c. 

We see in this apparatus that it is not necessary to km 
the values of S and s, but only their ratio. 

The apparatus is useful for some purposes, but it is n 
susceptible of any great accuracy, as its working depen 
on the assumption that a wire exposed to the air has a ui 
form resistance. As every particle of rust or scale, form 
or rubbed off, and every scratch made by the slider aflfe( 
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that the assumption oannot be held 



iiBtance, we 

rtrictly true. 
; slider usuftlly carriea a spring and 
1 sliding rotl, to which latter the 
^ wire is attached, so tbat contact 

' made when wanted, by pressing 

&e epring. 

Xesistance Coils. A coil of wire 

jown reaiataiice is called a Resistance 
j Resistance coils are usually made 
of German silver wire, or of an 
1 of silver with 33"4 per cent, of 
|am, as the resistance of those 
{ials varies very slightly with changes 
aperature. 

b two ends beiug fixed to massive 
» . rods, the wire, previonsly care 
jinBulated with two or niore layers 
t is wound double* upon a reel, as 
I' in fig. 44. It is usual to enclose 
»1 in a thin brass case, and imbed 
pre in paraflSn, By immersing Hie 
pi wateFj the wiro can be brought 
1^ desired teinperature. 
E Bridge Resistance Box. A 

nee box consists of a number of coils 
liferent resistances arranged in the 




t effect of the double winding ia that there are always tvro 
Brrents in opposite directioBS close together. This entirely 
kany inductive effect on neighbouring magnets or wires. 
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following manner. The coils are all fixed to tlie nndei^^ 
side of a slab of ebonite^ wliicli forms the lid of a mahogany 
box (fig. 45). On the top of the lid are a number of brass^ 
blocks, to each of which one end of each of two coils is coui. 
nected, as shown in section in fig. 46. Thus, if a correnl 
is sent from A to B^ it has to pass through all the coils; 
The ends of the brass blocks are, however, shaped as shown,] 




Pig. 46. 



in the plan (fig. 47), and brass plugs fit in between them. 
When a plug is put in at any opening, the current only 
passes through the plug, and not by the coil; so that 



e 



B 



Gl 





Fig. 47. 

when a plug is put in, say at a, the total resistance is less 
by the resistance of the coil at a, or, generally, the resist- 
ance from A to B is equal to the resistance unplugged. 
The resistance of each coil is engraved on the lid near the 
plug-hole. Here, then, we have a means of varying the re- 
sistances without interfering with the connections. 




Fig. 48. 
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I coils in the bridge resistanoe box are arraDged as in 

B^ tbe numbers representing the number of units of 

ince in each coil. 

3 reader is again requested to compare this fignre with 

icture of the lecture model, fig. 37, p. 71. The same 

s are used for the same points. 

3 see that the coils are arranged in a continuous line, 

dnding screws inserted at certain intervals. 

e first line contains two sets each of 10, 100, and 1000. 

9 form the branches S and b. We see that they give 

)llowing values of 5 :— 



100 




also 

1010 
100 

1100 
10 

100 '"^ 
1000 

1000 

100; JO^ 

10 l_T^ 1100 

1000 >-l^ 100 

100 J lOio 

1000 

To- =1^^ 

ifferent forms of the same fraction are used for diflTerent 
stances. 

bus, if we desired to have g = 1 we should make it |^ 

were large, ^ if it were small. 

'he longer part of the line of coils represents E on the 
Ige, and the arrangement of it is worth notice. There 

only sixteen coils, and yet, by combining them, any 
aber from 1 to 10,000 can be obtained. This is best 
n by taking any number at random and trying to make 
ip. Generally speaking, we must use the large numbers 
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first — that is, we mast first unplag the largest nnmher^ 
below the number we want. A 

X, the wire whose resistance is to be found, is attached m 
the binding screws C and D. If it should not be long! 
enough to reach from one to the other, the length must bei 
made up either by a wire of known resistance, or by a 
copper rod so thick that its resistance may be neglected. 

70. Practions of a Unit. We have stated that the 

ordinary resistance boxes give R a maximum value of 
10,000 units. 

When fractions of a unit are required, we get one or two 
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places of decimals by making g, 3^, or -^ respectively; 

but this can only be done when the resistances to be mea- 
sured are not more than 1000 units for one place, or 100 
for two places. A further approximation can be made by 
observing the deflections of the galvanometer. If it is a 
delicate one, it will seldom be found to go truly to the zero. 
Suppose that the resistance is between 1221 and 1222 

then we must have g = 1. When R equals 1221, the spot 

of light will move slightly in one direction, say 5 divisions 
to the left; and when R is 1222, it will move in the othw 
direction, say 10 divisions to the right. 

Then we shall approximate very closely to the truth if 
we say that the excess of the true resistance over 1221 
bears the same ratio to its defect from 1222 as the deflec- 
tion to the left bears to the deflection to the right; that 
is, that the true resistance is 1221 J. 

71. Kesistances of Different Substances. — Specific 

Resistance, — The specific resistance, R, of any substance 
is the resistance between two opposite faces of a cube 
of the substance when the edge of the cube is one centi- 
metre. 

When we know R for each substance, we can calculate 
the resistance of any wire by the formula — 

Resistance = R 



cross section ' 
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[?he following tables of specific resistances of condactors 
I insulators are given in Professor Everett's '' Units and 
ysical Constants/^ pp. 143 — 145 :— 
Als the resistances of all metals increase when they are 
=ktedj the '' temperature correction " is given in each case. 

Table of Specific Besiatancea, in Ehciro-magneUc Measure 

{at 0°0. unleas otherwise stated). 







Percentaf^ 




Specific 


of variation 




reuBtance. 


for a degree 
at20°0. 


Silver, annealed 


1621 


•377 


„ hard-drawn . 






1662 




Copper, annealed . 






1616 


•388 


„ hard-drawn 






1662 




Grold, annealed 






2081 


•366 


„ hard-drawn . 






2118 




Aluminium, annealed 






2946 




Zinc, pressed . 






6690 


•366 


Platinum, annealed 






9168 




Iron, annealed 






9827 




Nickel, annealed . 






12600 




Tin, pressed . 






13360 


•365 


Lead, pressed . 






19860 


•387 


Antimony, pressed . 






36900 


•389 


Bismuth^ pressed . 
Mercury, liquid 






132660 


•364 






96190 


•072 


Alloy, 2 parts platinum, l'\ 






part silver, by weight, hard > 


2466 


•031 


or annealed 






German silver, hard or an-") 
nealed . . . ,) 


21170 


•044 


Alloy, 2 parts gold, 1 silver, by 1 
weight, hard or annealed . ) 


10990 


•066 


Glass at 200° C 


2-27x10^' 




250° 


1-39 X 10" 




„ 300° 


1-48x10^* 




„ 400° 


7-36x10" 




Grutta-peroha at 24° C. . . . 


3-63xlO»» 




„ 0°C. . . . 7 xlO** 





The Ohm(orB.A. unit) =10® or a thousand million absolute 
its, and thus to get the specific resistance in ohms of any 

a 
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substance we must divide this number in the table b; a 
thousand million. 

72. Oalvanometer Shunts. For accurate determina- 
tions of resistances we must use the most delicate form of 
reflecting galvanometer. In cases where we do not approxi- 
mately know the resistance there will, in the first few trialSi 
be a considerable difference of pressure at the ends of thi 
galvanometer wire ; and, i£ the coiTesponding current were 
allowed to pass, the galvanometer would be damaged. To 
obviate this inconvenience, '^ shunts ^' are provided. 

They are also useful for measuring, by the deflection of a 
galvanometer, currents so strong that, if sent directly 
through it, they would send the spot of light off the scale.* 

A shunt consists of a wire or coil of wire connected across 
the poles of the galvanometer. Part of the current goes 
through the coil, and only part through the galvanometer. 
By making the resistance of the coil have a certain ratio to 
that of the galvanometer a definite fraction of the current 
can be sent through the galvanometer instead of the whole 
of it. 

Thus, if a shunt were such that -^ of the whole current 
passed through the galvanometer, and the latter indicated' 
one ampere, we should know that the whole current wa« 
10 amperes. For the method of calculating these shunts 
see my ^'Electricity,^' 2nd edition, vol. i. p. 276. 



Questions on Chapter X. 

1. Describe the "lecture model'* of Wheatstone*B 

bridge. 

2. If a battery has a pressure of 10 volts, and the poles 
are connected by a wire of uniform resistance, and whose 
total resistance is 10 ohms, one ampere of current will go 
through it. 

Show this from Ohm's law. 

3. We will suppose that the wire is of such thickness tJutL 
its resistance is one ohm per yard. It will then be 10 yudll^ 
long. I J 
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we connect one pole of tiie batteiy to earth where it is 
d to the wire^ the pressure at one end of the wire will 




zeroj and therefore that at the other end will be 10 



s 



S^hat is the pressure in the we at (a) 1 yard, (6) \\ 

o 2 
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J yards, (c) 5 yarda, (d) 7| yards, (o) 8 yards 1 foot, (/I 9 
yards 1 foot 6 inches, (3) 9 yards 1 foot 11 incheB from the 
■ earth or zero end ? 

4. If wo double the section of the wire bo as to halve its 
resistance, keeping the length and the pressure of tho 
battery constant, — 

(a) How mach. curront will go through ? 
(6) What will be the pressures at the various points men- 
tioned in Question 3 ? 

5. If WG fit up two exactly eimilar batteries and wires, A 
and Bj as described in Question 3, and connect (d.) tho 
the 5-yard point of A with the 5-yard point of B by a wire, 
will any current pass from A to B ? (t) Will any pass 
if we connect 6- yard point of A with 4-yard point of B, and 
in which direction ? (c) Will any pass if we connect the 
8-yard point of A with the 8-yard point of B, and if so, 
in which direction ? 

5. We attach a wire from the middle point of A in the 
figure in Question 4, to the middle point of B, and wo find 
no current passes in the cross wire. We then double the 
resistance of the whole wire B, still keeping it uniform. 
Will a current flow in the cross wire, and if so, in which 
direction ? 

C, Copy fig. 38, drawing it carefully to scale, then keeping 
the height A L constant, which represents the pressure at J 
double the lengths a; and h, which represent the resistance 
on the two sides of the point D respectively, join the nei 
positions of and L by the straight line L. The heighj 
jD M given by the point where the vertical lino D M is ool 
by the line C M L will, as before, represent the pressure a' 
D. (1) Will the hoight D M be increased or diminished oi 
unaltered ? What would have been tho effect on the heigS 
DM if (2) we had doubled k without altering 6, (S) if w '^ 
doubled h without altering le ? 

7. With two such figures, the hoight A L remaining eta 
stant, what relation between the le's and V& respectively ] 
necessary to keep the height D M couatant. ' 

[In di'awing these figures it is convenient to use tl 
lettere in both, but to distinguish those of the second figCd 
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Y a dash^ thus x may be the x of the first figure^ ^ the x of 
ae second figure.] 

8. Write out § 75, '' The Theory of Wheatstone's Bridge/' 
[^This should be copied once or twice, and then written 

rom memory.] 

9. Explain with a sketch the sliding bridge. 

10. What is a resistance coil ? 

11. How are coils fixed into a resistance box, so that they 
can be cut in or out of circuit as required ? 

12. Let the teacher copy out fig. 47 on the black-board, 
and then put chalk marks to certain coils, which are sup- 
posed to be unplugged when galvanometer is at zero. The 
class should then in each case calculate the value of the 
i^sistance x. If it is preferred to copy it once for all on 
drawing-paper, the coils unplugged can be marked by 
irawing-pins stuck in. 



{ 
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CHAPTER XL 



TELEOEAPHT, 

73. Tea subject of telegrapty ia so large that onlyS 
ahortest outline of it is given here. Those who ■ 
obtain a practical knowledge of it are referred to Bp( 
treatises on the subject. 

To establish telegraphic communication betweeal 
phicea a conductor, which is always a metal wire, mtu 
carried from one place to the other, and it mast be insUM 
in order that the electricity may flow along the wire andT 
leak out at the sides. Telegraphic lines and instrumfl 
are different according as they are intended for overlam 
for submarine work. 

74. Land Telegraphy. Land telegraph v 
two kvndSj " overhead and " underground." 

75. Overhead wires are most commonly used 
England. It is unnecessary for me to give a dei 
description of the method of fixing them as they ca| 
Been running alongside all railways and elsewhere.* 

The air being an insulator, it is only necessary to iuBa 
the wires where these are attached to the posts, 
done by means of china insulators. The method of attai^ 
them to the posts, and the wires to the insulators, m«] 
seen by looliing at them. 

• Boys Bhonld bo sent to look at the wires alongside tl 
nay, and at the next lesson the questions at the end c 
ehoiild be set to them. 
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Telegraph wires are made either of iron op copper. 
Overhead wires are generally iron. The thickness of wire 
required is fixed by the condition that the resistance of the 
line must not be nnreasonably high. The resistance of iron 
is abont seven times that of copper, and therefore an iron 
wire to have the same resistance as a copper one must have 
Beven times the section,) i.e. seven times the weight per 
mile. 

It happens, however, that the coat of copper per pound is 
abont seven times that of iron, and therefore the coat of an 
iron or copper wire of eqnal resistance per mile is about the 
same. Iron wire being much stronger than copper is pre- 
ferred for overhead wires. In order to prevent it rusting 
away it ia " galvanized " — that is, covered with a thin coat- 
ing of zinc. The zinc soon rusts, bnt the rust or oxide of 
zinc is insolable in water, and therefore protects the wire 
from farther action. 

76. TTndergroiuid wires aro covered throughout with 
gutta-percha, india-rubber, or other insulating material, and 
are laid in pipes or troughs under the streets. Copper is 
invariably used for the conductor, as the smaller wire 
requires less gutta-percha to cover it. 

77. Single-needle telegraph receiver. This con- 
sists of a simple galvanometer with the needle vertical and 
etops to prevent it moving too far either way. A current 
passing through the coils in one direction moves it to the 
right one, in the other to the left. 

78. Single-needle aending key, This consists of a 
lever which, on being moved to the right or left, connects 
the positive or negative end of the batteiy respectively to 

A sending and receiving instrument are placed at each 
end of the line, eo that messages can be sent eithef way, and 
they are so connected that the current always goes through 
both galvanometers, and the sender can therefore see on his 
iustrument the message which he is sending to the other 
end. 

79. Earth plates. If we wished to send signals through 
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a water-pipe by starting and stopping the flow 
it would be necessary for the pipe to be o] 
ends^ and to dip into reservoirs of water so la 
flow through the pipe could alter their level, 
the ends of the electric wire must be open ai 
nected to the earth, which may be regarded as 
in which differences of electric pressure ins 
appear. 

To make connection with the earth, either larj 

metal are buried in a 

and the wires connect 

or the wires are cc 

the nearest system 

pipes. 

The diagram (fig. 
the connection of a { 
graph circuit. 

On the battery pol( 
connected to the line 
respectively, a currer 
through the line in tl 
of the arrows. 

On their being 
across, viz. a to V ai 
a current will flow ii 
direction. 

80. Morse printi: 

meilt. This is an 
for recording the mes 
The receiving instri 
sist9 of an electro -m 
which is a lever carrying a pen. The lever is he 
spring, and a long ribbon of paper, moved by 
passes under it. 

On a current being sent through the magn( 
presses on the paper and makes a mark. If t 
only lasts for an instant a dot (•) is made, 
contact key is held down so that the current la 
longer a dash ( — ) is made as the paper moves 




Fig. 19. 
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One end of a battery being connected with tbe water in 
the tank, the other end ia connected to the conductor of the 
cable, and a difference of electric preasure is produced 
tending' to send a current from the conductor to the water. 
If the insulation is perfect no current passes, but if there is 
the most minute pin-hole in the gutta-percha a current will 
pass which can be detected by the reflecting galvanometer, 
and the " fault " has to he found and repaired. This testing 
is carried on continuously through the whole process of manu- 
facture, and through all the subsequent processes of laying. 
A deep-sea cable when completed is about one inch in 
diameter, but the shore ends, i.e. the portions which lie in 
Bliallow water, and are liable to be fouled by anchors, &c., 
are made much thicker by means of an extra thickness of 
iron wire. 

The cable remains in the tanks until the ship which ia to 
lay it is ready, when the latter ia brought alongside of the 
ffharf, and the process of loading commences. A cable 
factory must always be so situated on tbe river-bank that a 
ihip of 4000 or 5000 tons can come up close to the factory. 
In the ship are two or three great circular tanks, perhaps 
33 feet in diameter and 25 feet deep, and a system 
of polleys and guides is run from the tanks in the factory 
Ifl the tanks on board the ship. The cable is run out by a 
'mil steam winch at the rats of some three miles per hour, 
.i[jd ia coiled in the tanks by men who are, of course, pro- 
T Jed with soft boots that they may not injure the portions 
already coiled. When the cable ia loaded the tanks are 
filled up with water, and the ship is ready to proceed to the 
fitarting- place. 

One end of the cable is passed through an arrangement 
'■'. brake-wheela, which regulate the pace at which it will be 
; 1(1 out, and is passed over the stern of the ship and 
Taught on shore. The ship then starts, and steama slowly 
uDward, paying out cable as it goes until the lino is com- 
pleted. 

Deep-sea telegraphy commenced in 1864, when the 
Tuiegraph Construction and Maintenance Company laid the 
'st saccessfnl cable to America. . 
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Since then about'100,000 milea o£ submarine cable have 
been laid in different parta of the world, their total value 
being about 20,000,000^. sterling. 

82. Bepairs of submarine cables. Cables are liable 
to certain accidents (one was broken by the Java earth- 
quake, and one by a whale who got entangled in it and was 
killed in his struggles), and also suffer from old age after a 
certain number of years. When a fault occurs it has first 
to be found, i.e. its distance from the shore has to be 



This is done by measuring resistance by the Wheatstone's 
bridge process, which wo have already described. 

As the SLmplest kind of fault, let us suppose that the cable 
is cleanly broken, and that we have breach of continuity and 
" dead earth." We know the total length of the cable 
and its resistance before it broke down. 

Suppose the sound cable is 3000 milea long, and had a 
resistance of four ohms per mile; that would be a total 
resistance of 12,000 ohms, i.e. the current leaving one, say 
the English, end of the cable has to pass through 12,000 
ohms resistance before it can get to earth at the other, say 
the American, end. 

Kow, suppose the cable broken. The current which 
enters at the English end goes to earth at the fault, i-o. 
only passes through the resistance of that part of the cable 
which is between the English end and the fault. Let os 
suppose that the bridge test shows us that the resistance ia 
now only 4000 ohms, then, as the resistance is four ohms 
per mile, we know that the fault is 1 000 miles from tbo 
English end. 

Eew faults are, however, as simple aa the one we hare 
described. They generally consist of slight leaks, wkicbj 
while injuring the communication, have a consideraDls 
resistance of their own, and which therefore require more 
complicated methods of testing in order to find how mnch. 
of the resistance observed is due to tho fault itself, and hoW 
much belongs to tho wire leading up to the fault. . 

One method ia to teat from both ends. Mow i 
^ cable auchaa we have described, of 12,000 ohmB r 
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)0 miles long, and with a complete break in it 1000 miles 
m England, a test taken from England would give 
30 ohms as the resistance from England to the faalt, and 
est taken from America would give a resistance of 8000 
ms as the resistance from America to the fault, and the 

together, 8000+4000, make up the 12,000 ohmsresist- 
ce of the cable. 

Now, suppose that we have a much smaller fault in the 
ble, a fault which has a high and unknown resistance. 
Say that the test from England gives 5000 ohms as the 
sistance of the wire from England to the fault, plus resist- 
ice of fault, and we do not know how much of this is 
alt and how much wire. 

Suppose that the test from America gives 9000 ohms as 
e resistance of the wire between America and the fault, 
us that of the fault. 

Let us call Bg and B^ the resistances of the English and 
tnerican portions of the wire respectively, and Bp the 
sistance of the fault. The total resistance of the cable 
of course Bg + B^, and we know this is 12,000 ohms. 
We have then— 

Ra + Rf = 5000 
jKb -j- Kf = 9000. 

ding them together we have — 

Rb + Ra + 2Ri, = 14,000. 

btracting the known value of — 

Bb + Ea = 12,000 
have — 

2Rp = 2000 ohms, 

Bp , the resistance of the fault = 1000 ohms. 

Be + Bf = 5000 ohms, 

1 if we substract the value of Bj. we have — 

Bb = 4000 ohms ; 

the fault is 4000 ohms, or 1000 miles, from the English 

a. 
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I havo here only outlined two of tte simploBt metliods of 
teating for faults. Innumerable refinements are in use in 
practice. 

The reader who wishes to study this subject furtlier is 
referred to Kempe's " Handbook of Eleotricf^ Testiug." 
83. Kepairs. When the fault has been localized, a ship 
■ is sent to the place, provided with grappling ropes and 
hooka and a small quantity of cable. 

Taking up a position a little to one aide of the cable and 

, opposite a part of it a mile or two from the fault, she drops 

her grapnel and, moving across the cable, draws it along 

the bottom till the cable is caught. It is then drawn up to 

the surface, and the broken end is attached to a buoy and 

I there left. 

The ship then goes to a point a mile or two on the other 
side of the fault, and picks up the other end, 
I To this she attaches the end of the spare cable which she 
I has on board and steams back, paying it out till she arrives 
at the buoy which holds up the first end. She then brings 
1 hoth ends on board, i.e. the first end and tho end of the new 
[ piece, and having connected them throws them overboard, 
1 and the job is complete, 

I Immediately before connecting, the chief electrician on 
I the ship telegraphs to both shore-stations, " Am about to 
] make final splice," and an Lour or so later the electricians 
I at the two ends (i.e. say in England and America) will find 
that they are in communication with each other, bat no 
longer in communication with the ship. 
I Repairs in two miles depth of water are now made with 
I almost perfect certainty. 

i I cannot in this book describe in detail the signalling 

\ apparatus used in submarine work. The chief difference 

■ between them and those used for land-work is, that the 

submarine instruments are much more delicate, and allow 

much smaller currents to be used. 

The reflecting galvanometer ia always need as the re- 
ceiving instrument. 
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QUBSTIOKS ON GhAFTEA XI. 

1. Give a sketch and short description of an overhead 
telegraph line. 

2. How are the wires insulated from the posts ? 

3. About how many posts are required per mile run ? 

4. Describe generally the single needle telegraph 
receiver, 

5. Sketch the connections of a simple telegraph line. 

6. Describe the Morse printing instrument. 

7. Describe the general construction of a submarine 
cable. 

8. Give an outline of a simple method of testing for faults 
in a submarine Una 

9. Describe the general process of repairing a cable. 
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CHAPTER XII. 



THB TELBFEQHB. 



Ih the telegraphic instruments which we have descrifc 
aimple signals are tranBmittcd through the wires, and il 
agreed that certain signals and combinations of sigi 
Bhall represent certain letters, and so messages are sj 

OQt. 

84. By means of The Telephone articulate speecb 
transmitted. 

The telephone is an American invention^ and has b< 
claimed by Frofessor Graham Bell, Mr. Edison, ( 
others. 

Pig. 51 shows the coustrnction of Bell's first telephone 




It consists of a steel magnet S N, round one end of wl 
is wonnd a coil of fine wire B. The magnet and coil 
enclosed in a wooden tnbe M, one end of which, R "V 
is of considerably greater diameter than the magnet. 
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Across the vride end of the tube a diaplirag;m of tbin 
dieet iron L L is fixed, wliich just does not touch tlie pole 
of the magnet. 

When the instrument is spoken to, the iron plate vibrates 
in time with the sound vibrations. 

As it moves it causes temporary alterations iu the mag- 
netism of tlie steel magnet, and these in turn induce periodic 
ccrrents in the coil of wire. 

The induced currents are conveyed along the telegraph 
lino C C, aud received in a similar telephone at its other 
end. 

They travel round the coil oF wire in it, and cause tem- 
[urary changes iu the magnetism of the steel magnet. 

'.Hving to these changes, tbe force with which the iron 
■ -'■ is attracted varies, and the latter is caused to vibrate 
■iine with the vibrations of the plate of the sending 
._;rument. 

The plate, as it vibrates, sets the air in motion and ropro- 
doces exactly not only the note but /fie wonh upokeii into Uie 
miding Instrument. The voices of different speakers can be 
recognized even at a distance of many miles. 

When a steady battery current is sent through a telephone, 
no Bound is produced, but every variation of the current 
dknses a loud noise. 
85. The Hughes microphone. When at any point 

in u circuit carrying a battery -current thero is an imperfect 
•contact, any chan^'e in the goodness of the contact will 
brodnce a change in the current and cause a sound in a 
^leplione included in the circuit. 

t Professor Hughes has discovered that, when the imperfect 
ntact consists of two pieces of carbon lightly pressed 
gether, variations in the current are caused by the very 
jitnttlleat sonnd occurring near the carbon. 
I The microphone consists of two or more pieces of carbon 
Jghtly pressed together. A telephone and a battery are 
'Jioliided in circuit with it. 

f The lowest whisper spoken near the micrmiljxMM) is loudly 
*'";■ reduced in the telephone.— i ""^O t-^- 

'.\'e Bee tW^iH'ttfe^-aiinpl&:^^g ^^| e telephone the 



The Telephone. 



99 



general use. Fig. 52 shows its general external appear- 
ance. Fig. 53 is a diagram of the connectioDS. 

The ease of the instrument is closed at the top by a 
8oanding-boai*d^ consisting of a sheet of thin wood about 
eight inches by six inches. 

87. The sending apparatus. To the under side of 

this sounding-board is fixed a microphone (fig. 53) , consisting 
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Fig. 53. 



of a number of pieces of carbon lightly fixed together. A 
battery is connected so that when the sounding-board is 
reverberated by sound the variations of contact between 
different pieces of carbon cause pulsations in the current. 

This completes the sending part of the apparatus. It will 
be understood that each instrument contains a sending and 
receiving apparatus, so that it can both speak and hear. 
For convenience the connections are so made that each 
sending apparatus causes both speakers to speak, i.e. both 
the one at the distant station and the one close by it. 

88. The receiving apparatus. The current is received 

n 2 
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in a small induction coil,* which consists of a little electro- 
magnet with another coil of wire wound over it. The varying 
currents in the electro-magnet, called the primary coil, cause 
pulsations in its magnetism. These again induce currents 
in the outer, or, as it is called, the secondary coil. These 
secondary currents pass through another electro-magnet, 
whose pole is fixed close to a thin plate of sheet-iron similar 
to that in the simple Bell telephone (fig. 51), and setting 
it in vibration cause it to speak. 

In order that the speech may be more clearly heard, the 
iron diaphragm is let into one side of a closed chamber from 
which lead two flexible tubes which can be placed to the 
ears. 

89. The call bell. An ordinary electric-bell f is pro- 
vided to call attention. In order that the same wire may 
be used for both bell and telephone, a horizontal lever is 
arranged so tliat when it is pressed down the bell is con- 
nected and the telephone disconnected, and so that the 
reverse takes place when it is lifted. A spring presses it 
up, but the flexible hearing-tubes are hung on it when the 
telephone is not in use, and so keep it down. On the bell 
ringing the person addressed lifts the tubes and puts them 
to his ears, and by the act of so doing disconnects the bell 
and connects the telephone. 

Telephones are chiefly used for distances under thirty or 
forty miles, but a telephone-line is in regular use between 
London and Brighton, and speech has been transmitted 
over 400 miles as an experiment. 

90. Telephone exchanges. In London and other 

groat towns, the telephone companies arrange that every 
subscriber shall be able to speak at will to every other 
subscriber. 

For this purpose an office, called an ^^ exchange,^' is 
opened in a central situation, and all wires from the sub- 
scribers^ houses or offices are brought to it. An alphabeti- 
cal list of all the subscribers' names and addresses is printed 
and sent to each of them, and to each name a distinguiBhing 
number is attached. 

* See page 162. t See page 102. 
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We will suppose that Smith, No. 4050, wishes to speak to 
Brown. He looks in his list and finds that Brown is No. 
2756. He then calls the exchange, and says, '^4050 wishes 
to speak to 2756.'' The exchange then connects the wire 
4050 to the wire 2756, which puts Smith and Brown into 
direct communication. 

Special instruments and distributing boards are used in 
the exchange to make the communication. 



Questions on Chapter XII. 

-•. 

1. Describe, with sketches, the simple Bell telephone. 

2. Describe the microphone. 

3. Describe, with sketches, the Gower-Bell telephone. 

4. What is a telephone exchange ? 
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CHAPTER XIII. 



ELECTBIC BELLS. 



91. Electric bells are now very widely used, both as 
adjuncts for telegraph instruments alid for domestic pur- 
poses. 

Fig. 54 shows the construction of an ordinary electric 




Fig. 54. 



bell. The current passes in through tj^e spriug (a) down 
by the back of the armature (&), and^ to the electro- 
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magnet (c). The magnet then 
attracts the iron armature (fc), 
and the hammer {£) striken the 
bell. In moTiDg forward, how- 
ever, it leavea bhe spring (a) 
and breaks the contact, and 
the other spring (e) canaes the 
hammer to fly back. On its 
so doing contact is again made 
at (a), and the hammer again 
strikes the bell, and so a 
continnons ringing is kept 
up. 

The bell is mng by pressing 
a batton, which brings two 
metal springs together and so 
closes the circuit. 

In a house or hotel there is 
a contact- button in every room, 
BO arranged that pressing any 
one button rings the bell. 

In order that the person 
summoned by the bell may 
know from which room the 
call has come, au indicator- 
board is placed near the boll. 
Behind this board are a num- 
ber of electro-magnets, each in 
connection with one contact- 
button. On the button being 
pushed the bell rings, and the 
particular maguot in conuec- ^ 
tion with that button pulls " 
over a lerer and causes a 
red disc to appear behind a 
corresponding hole in the 
board. ^ 

Fig, 55 shows the general cS 
connections. 
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Questions ok Ghaftib XIII. 

1. Describe and sketch an electric bell. 

2. Describe and sketch the connections of an electric bell 
system with indicators. 



CHAPTER XIV. 

KLECTEIC LIGHTING. 

92. Introductory. In all systems of artificial lighting 
of whatever kind, the light is produced by the incandescence 
or glowing of solid particles of matter. The heat required 
to produce this incandescence is produced in various ways. 
Our ordinary coal-gas consists of a combustible gas, richly 
charged with very small solid particles of carbon^ which, 
being made white-hot by the combustion of the gas, glow 
and produce the light required. 

If these solid particles are removed, the combustion of the 
gas produces no light. If, for instance, we mix with the 
gas a suflScient quantity of air to oxidize and consume the 
carbon particles, we obtain a flame hotter than the ordinary 
gas flame, but giving no light at all. A burner contrived 
specially to mix the right proportion of air with coal-gas, 
and known as the " Bunsen burner,^' is much used for 
cooking, and for other purposes where heat without light is 
required. 

Again, if we burn pure hydrogen gas we shall obtain a 
flame giving great heat, but no light, because the hydrogen 
does not contain any solid particles. If, however, we intro- 
duce a little spiral of fine platinum wire into the flame, the 
heat of combustion will make the wire white-hot, and it will 
glow and give light. If, instead of the thin platinum wire, 
we use a thick one, it will only become perhaps just red-hot, 
and although the same quantity of heat is being used, for 
the same quantity of hydrogen is being burned, yet the 
wire gives very much less light than before. 
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If now, mstoad of allowi 
.ir where the oxygen, 
diluted with nitrogen, 



!ng the hydrogen to burn in the 
vith which it ia combined, being 
JifFiised over a considerable apace, 
we supply it with pure oxygen, the heat produced is con- 
centrated in a much smaller space, and the tomperatare of 
1 the flame ia consequently much higher. If the mixed gases 
are supplied under pressure, the size of the flame is still 
further reduced, and it can be concentrated on a very sraall 
portion of the surface of any solid body against which it 
may be directed. "When the " oxy-hydrogen jet " is directed 
^^inst a cylinder of limo, it raises a portion of its surface to 
a very high tomperatnro indeed, and tho heated lime gives 
off an intense light, This arrangement ia well known as 
tho " Lime-light." 

Now, in all these arrangements we get a certain dofinito 
quantity of heat from a given quantity of fuel consumed, 
and this amount is tho same in whatever way the combustion 
takes place. The same total quantity of heat is produced 
by the combustion of a cubic foot of hydrogen, whether it 
burns with a large flame in air, or whether it burns in an 
oxy-hydrogeu blow-pipe. 

'ITie amount of light, however, which is produced by the 
ixpenditure of a given quantity of gas, or by the production 
of a given quantity of huat, depends entirely on the way 
that heat is applied. 

Let us consider, for instance, the heat produced by the 
combustion of a cubic foot of hydrogen burnt in ten minutes. 
This heat may be expended in boiling a certain quantity of 
water, in which case it produces no light at all ; or it may 
be employed in heating a thick platinum wire to dull red- 
ness, in which case it produces a littlo light, or it may be 
used to beat a thin wire to whiteness, producing a consider- 
able light ; or, finally, by means of the oxy-hydrogen jet, it 
may be employed in beating a piece of limo to intenso 
vhiteness, and produce tho lime-light. 

We see, therefore, that to produce a light wo must heat a 

solid body to incandescence. To produce a given light witli 

the smallest possible expenditure of heat (that is of fuel and 

jst) W6 inust concentrate our heat on a solid hoihj of lliii 



\ 
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smallest possible sise, so that that may he raised to the highest 
possible temperature. 

Solid bodies can be rendered incandescent and made to 

give light by heat produced otherwise than by combustion. 

In the old " Flint-mill," used by miners before the invention 

of the safety-lamp, heat was produced by means of the 

energy applied by the man who turned the handle and 

caused a flint and steel to be continually knocked together. 

The heat caused the incandescence of the particles of flint 

knocked off, and the stream of sparks gave a certain quantity 

of light. 

Solid bodies can also be made hot by the passage of a 
current of electricity through them; and it is by this heating 
that electric light is produced. 



Questions on Chapter XIV. 

I 1. What is the necessary condition for the transformation 
J of heat into light ? 

^ 2. Illustrate how the same quantity of heat may produce 
different quantities of light. 

3. What is the condition that a given quantity of heat 
'^ay produce the greatest possible quantity of light ? 
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CHAPTER XV. 

ON THE CONVERSION OF ELECTBIC OURBENTS INTO HEAT. 

93. Heat produced by friction of water. (1.)* Let 

us suppose we have a long water-pipe of large bore, 
bent round so tbat its two ends dip into the same 
cistern at the same level, and let a force-pump be connected 
to one end. We see that by a very small power we can 
cause a stream of water to flow round it. The only force 
opposing the motion will be the friction of the water in the 
pipe. To overcome this friction, however, a certain quantity 
of heat has to be expended in the steam-engine working the 
force-pump, and, by the friction, the sides of the pipe and 
the water will be more or less heated. 

(2.) If the pipe is of small bore then more work will have 
to be expended to send a given stream of water through the 
pipe, and the friction being greater the pipe will be more 
warmed. 

(3.) We see, then, that the stream of water has given us a 
means of taking heat from the engine-fire, and conveying it 
to a distance, namely, to every portion of the sides of the 

pipe- . . , -. 

(4.) As long as the pipe is of the same bore throughout, 

the friction will be the same at all parts, and the heating will 

be uniform all along the pipe. If, however, we were to cut 

our pipe at one place, and interpose a spiral of very fine tube, 

a great deal of friction would be concentrated at one spot, 

and instead of the heating being uniform all along the pipe, 

by far the greater portion of the total heating would take 

* Compare the numbered paragraphs with those having corresponding 
numbers on page 110. 
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ace in the spiral. Thus this arrangement of the stream 
as given us a means of taking heat from the engine-fire, 
ad conveying it to any one place we like at a distance, 
Amely the place where we have put the spiral. 

(5.) We see that we have expended mechanical work 
lU forcing a current of water through a pipe oflfering re- 
sistance to the flow ; which pipe, by its resistance, has recon- 
verted a portion of the current into heat. The distribution 
of the heat depends on the distribution of the resistance. 
When the resistance is evenly distributed all along the pipe, 
the pipe is evenly warmed. When the greater portion of the 
resistance is concentrated at one spot, the greater portion of 
the heat is produced at that spot.* 

(6.) We must particularly note that the heat used has 
been expended in forcing a current of water through a 
resista^nce, and not in producing the water itself ; and that 
if a pipe could be made without friction, and thus offering 
no resistance to the flow, then that a stream of water, how- 
ever strong, when once started would go on flowing round 
the pipe for ever without the expenditure of any work at 
allf 

94. Electric current. Now we know that in *^ con- 
ductors ^^ a current of electricity can be made to flow in 
the same way as our current of water round the pipe. 
As we have already stated, no substances are quite perfect 
either as conductors or insulators, the best conductors offer 
some resistance to the flow, and the best insulators allow 
a little electricity to pass through them; but for our 
present purpose the metals and carbon among solids, and 
intensely heated or highly rarified air and gases may be 
classified as conductors, and all other solids, and air and gas 
at ordinary temperatures and pressures, may be called 
insulators. With the conducting and insulating powers of 
liquids we have at present nothing to do. 

Conductors differ greatly among themselves in the facility 

* For the purpose of this illastration we consider the heat to stay in 
that portion of the pipe in which it is produced, and not to he carried 
away Dy the water. 

t Newton, Lex. I. 
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with which they conduct electricity. A platinam wire^ for 
instance^ offers between five and six times the resistance to 
the flow of electricity as a copper wire of the same length 
and diameter. Also the resistance of a given length of a 
given wire is greater when the wire is thinner, being in- 
versely proportional to its cross section. With the same 
cross section it is directly proportional to the length. 

95. Heat produced by electric current (1.)* 

Let ns now suppose that by means of a steam-engine 
turning an electric generator we are forcing a currenfc 
of electricity through a long copper wire of large diameter. 
The only force opposing the flow will be the resistance of the 
wire. To overcome this a certain quantity of heat has to be 
expended in the steam-engine working the electric generator, 
and, by the resistance, the wire will be more or less heated. 

(2.) If the wire is of smaller diameter the resistance will 
be greater, more work will have to be expended to send a 
given current through it, and more heat will be produced ia 
the wire. 

The relative amounts of work expended and heat pro- 
duced in sending a current of electricity through a thick 
and a thin wire of the same length and material are inversely 
proportional to the cross sections of the wires. 

(3.) We see that the electric current has given us a means 
of taking heat from the engine-fire and conveying it to a 
distance, namely, to every portion of the wire. 

(4.) As long as the wire is of the same diameter and of 
the same material throughout,^ the resistance will be the 
same in all parts, and the heating will be uniform all along 
the wire. If, however, we cut our copper wire at one place 
and interpose a spiral of very fine platinum wire, a great 
deal of resistance will be concentrated at one spot, and 
instead of the heating^being uniform all along the wire, by 
far the greater portion of the total heating will take place 
in the spiral. 

Thus this arrangement of the electric current has given us 
a means of taking heat from the engine-fire and conveying 

* Compare the numbered paragraphs with those having corresponding 
numbers on page 108. 
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it to any one plate wo liko at a distance, namely, tho placo 
where we have put the spiral. 

96. Analogy between electric current and water 

COXrent. (5.) In the electi-ical case also we see that wo 
have expended mochaiUcal work in forcing a current of elec- 
tricity tirough a wire offering resislunco to the flow; which 
wire, by its resistance, has reconverted a portion of the 
current into heat. The diatribution of the hc.it depends on 
Ihe diatribution of the resistance. When the reaiatance is 
iivenly distributed all along the wire, the wii-e is evenly 
■ firmed. When the greater portion of the resistance is 
■ I "ntratod at one spot, the greater portion of the heat 
inuduced at that spot. 

■1^,] We mnst particularly note that the heat used haa 
1 lA expended in forcing a current of electricity through a 
istance, and not in producing the electricity itaelf (what- 
'[■ that may be) ; and that if a wire could be made offering 
' I'esistance, then a stream of electricity, however strong, 
i.i'ii once started would go on Howing round the wire for 

■ r without the expenditure of any work at all. 

97. Ampere's theory of magnetism, An eleetro- 
:iiiet consists of a bur of soft iron surrounded by a 
:■ uf copper wire. When an electric current is sent 
^rid the wire the iron bar becomes a. magnet. The copper 
I.' offers resistance to the flow and becomes heated, and 
rtfore work baL3 to be expended at the generator to keep 

■ rho flow. 

Iji a permanent steel magnet, according to the theory of 
■■ jiere, the magnetism is produced by the coutiunons 
nijg of electric currents in channels of no resistance 
Jill anrround the molecules. 

U'o may therefore regard a permanent steel magnet as an 
L ti-o-niagnet surrounded by a wiro, of no resistance, in 
,tch the current having once been started, by whatever 

■ LL>33 of maguetizatiou bas been adopted, continues to 
. otemally without producing any heat or requiring any 

.1 lo maintain it. 

98. Theory of electric lamps. When at the place 
where wo wish to concentrate oor heat, wo place a body 
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of sufficiently high resistance, and send a sufficiently strong 
current through it, we can make it so hot that it will 
glow and give light. This is the principle of all electric 
lamps of whatever kind. 

We have stated on page 106 that for light to be economi- 
cally produced, it is necessary to raise the body producing 
tiie light to the highest possible temperature ; or, in other 
words, to concentrate the heat in a solid of the smallest 
possible size or with the smallest possible cooling surface. 

Now let us take a platinum spiral such that a given cur- 
rent makes it just red-hot. ' We get a very little light. If 
we take another spiral composed of half the length of wire, 
and whose wire has half the section, it will have the same 
resistance as the first, and the same current passing through 
it, will produce the same quantity of heat in it, and expend 
the same quantity of heat in the steam-engine. The plati- 
num having very much smaller cooling surface will be raised 
to a much higher temperature, and will become white hot 
and give a brilliant light. 

If, the resistance being still kept constant, the surface b© 
further reduced, the temperature will be still further raised, 
and the same amount of heat will produce a still more 
brilliant light. It appears then as^ if by making the wire 
still thinner we could produce as much light as we pleased 
from a given quantity of heat. 

The practical reason why we cannot do this is that plati- 
num and all other metals fuse at what, in electric lighting, 
is a comparatively low temperature. Platinum fuses at about 
2000° 0. Further, if heated in air, all known substances . 
rapidly oxidize and burn away. 

The problem, then, which has had to be solved in electric 
lighting has been to obtain a substance having a resistance of 
convenient magnitude which can be heated by the current 
and which is either indestructible by intense heat or if slowly 
destroyed is capable of easy and continuous renewal. 

99, Use of carbon in electric lighting. Carbon, 

either alone or in conjunction with heated air, satisfies 
these conditions in a great measure. It has never yet 
been fused, and though it slowly oxidizes when heated 
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in air^ yet its desirniction can be either guarded against or 
compensated for as is done respectively in the two great 
systems of electric lighting now in nse, i.e. the incandescent 
and the arc system. 

In the '^ incandescent '' * lamps of Swan, Edison, Maxim, 
Lane-Fox, &c., the resistance, used to convert the current 
into heat, is that of a very fine thread or wire of carbon 
which is brought to a state of intense incandescence by the 
passage of a current through it, and which is protected from 
oxidation by being hermetically enclosed in a glass globe 
from which all the air has been exhausted. These lamps 
last for many months, if not too much heated.f 

In the '^ arc ^' % lamps the current is sent through two stout 
rods of carbon which touch each other end to end. As soon 
as the current is established the rods are separated a little 
way, and the current continues through the heated air, 
which is a partial conductor of high resistance. Great heat 
is produced, the "poles" of the carbon rods glow with 
an intense whiteness, and small particles of carbon becom- 
ing detached are heated in the air between, and form a 
luminous '^ arc " from one pole to the other, which adds to 
the light. 

In this class of lamps the carbons being thicker can be 
raised to a much higherliemperature than the carbon threads 
of " incandescent '' lamps, and consequently they give much 
more light for a given quantity of heat, and are so much 
the " more efficient." 

The carbon rods slowly consume away, and therefore 
have to be fed forward by suitable machinery. In arc 
lamps the expense of the carbon rods has to be added to the 
cost of producing the current in estimating the total cost of 
the light. Presently we shall describe various lamps, both 
*' incandescent " and " arc," now in use. Lamps have to be 
constructed to use currents of certain strengths, and as each 

* See page 116. 

t If overheated even in a perfect vacuum the filaments are destroyed 
with more or less rapidity by some process analogous to mechanical dis- 
integration — they are, as it were, shaken to pieces. 

X See page 121. 

I 
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lamp is intended to convert a certain definite quantity of c 
trie energy into heat, we see how necessary it is for electi 
engineers to comprehend the methods by which electi 
quantities are measured and the standards to which 1 
are referred, which we have ah*eady given an account c 
Chapters VIII., IX., and X. 



Questions on Chapter XV. 

1. Show the analogies between a flow of water and a j 
of electricity when used to convey heat from one place 
another. 

2. What is Ampere^s theory of magnetism ? 

3. What is the principle of an electric lamp ? 

4. Why is carbon used in electric lighting ? 

5. What is an incandescent lamp ? 

6. What is an arc lamp ? 



CHAPTER XYL 



INCANDBBCENT LAMPS. 

O. Incandescent lamps. Tho class of lamps known 
'' in can descent " consists of a thin filament or wire of 
enclosed in a glass globe from wLich the air has 
ten exhausted. 

a a snitable current of electricity being sent through 
_ 3 filament it becomes white-hot, or incandescent, and givea 
fc light of from 1 to 100 candies according to its surface, 
ind for a given surface according to the temperature 
to which it is raised. For a given temperatnte the dura- 
' biiitj of the filament depends on its uniformity, and on 
the completeness with which the air has been exhausted. 
Below a certain temperature, nearly corresponding to that 
of melting platinum, a well-made filament in a good vacuum 
is very durable. Uuder these conditions, lumps last six or 
twelve months of ordinary domestic work. 

The chief incandescent lamps now in actual use are tha 
Swan and Edison. They difEer from each other in the methods 
of preparing the carbon filaments and in other details. 

I propose to give a general description of the Swan lamp, 
which may be considered as a typical one, and to describe 
some of the processes used in its manufacture. 

101. rirst exhibition of Swan lamps. The 
first public exhibition of incandescent lamps that waa 
made in this country was made by Mr. Swan before the 
Society of Telegraph Engineers on November 24, 1880. 
The first exhibition in America was made by Mr. Edison. 
^^ 102. Incandescent lamps. The earhon. In all incan- 

k : u 
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l-descent lamps tLe filatncnt coosista of s tliread uf some 
I Tejretabie substance wLich has been earhonized by Leat. 
I 103- The tenninals. The ends of the filaments are con- 
I nected to two platiDum wires, which pass throagh the glnsa 
land arc melted on to it. Plaiinnm is used as, its oxpan- 
I Bion rate being abont the same as that of gloss, the latter 
I does not crack in cooling. 

104. The exhaustion. The life of the lamp depends in a 

largo measure on the goodness of the Tacnum. la order to 

get a good vacuum, varions modifications of the Sprengel 

I mercnry-pump have been made, all having for their object 

I to fit an instrument hitherto only used in laboratories to the 

I more rapiil processes of the factory. 

f 105. not exhaustion. It was soon found that however 
perfectly the lamp was exhausted when cold, yet that the 
first time a current was sent through it a quantity of gaa 
was driven out of the carbon itself, which injured the vacuum 
and caused the speedy destruction of the filament. 

ToEurmoant thisdifficulty thefoUowingplan wass 
first, I believe, by Swan, and is now nsed by all makers of 
. incandescent lamps. While the lamp is still attached to 
[ the pump a current of electricity is sent through the fila- 
I ment, sufficient to raise it to a somewhat higher degree of 
I incandescence than will be nsed in actual work. All the 
I gas driven out of iha carbon is at once removed by tbo 
I pump, and the lamp is sealed while the current is slill 

I 106. Current, electric pressure, and copper TLc 

I horse-power expended in a lamp depends on the product of 
I the current into the electromotive force at which it is sup- 
I plied, and is therefore the same as long as the product is 
I constant, whether the pressure is small and the current 
■ large or vice-versa. We note that the higher the resistance 
■of the filament, i.e. the longer and thinner it is, the more 
'preasure is required to drive the current through it, and the 

leas current is required to produce a given quantity of energy 

iu the form of heat ajid light in the lamp. 
I The quantity of copper required for a conductor of given 
Ueogth depends only on the current it has to carry, and not 
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on its pressure. We thus see that every improvement in the 
lamps which endbles the Jilcmient to be made thinner and longer, 
and 80 diminishes the current used, proportionably diminishes 
the quantity of copper in the mains. As this copper is one 
of the most expensive items in an electric light plants 
improvement in this direction is extremely important. 

107. The Swan lamp. Since the introduction of the 
original Swan lamp^ several modifications have been made 
in its form and other details. In the latest form the filament 
is much longer and thinner than in the old pattern, being 
about five inches long and '005 inch in diameter. It re- 
quires a pressure of 100 to 120 volts to bring it to normal 
incandescence of 20 candle-power. 

108. Process of maniuacture. Figs. 56 to 61 show 

the manner in which the several parts of the Swan lamp 
are put together. 

The filament is attached to its platinum wires 
and mounted on a glass bridge, as in fig. 56, 
little beads of glass being also formed on the 
wires where they are to pass through the walls 
of the lamp. 

The globe is blown as in fig. 57, and with a 
sharp file is cut into two pieces, as in fig. 58. ^»"- ^• 







Pig. 67. 



Fiff. 68. 



Pig. 69. 
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The carboQ and platinum wires are inserted, and the 
latter fused on by the btow-pipe, as in 6g. 59. 
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The two portions of the globe are joined again by the 
blo^v-pipe, as in fig. 60, and the lamp is completed in 
the form shown in fig. 61, and is ready to attach to the 
pump. 

The following are the resnlts of some experiments in the 
efficiency of the new Swan lamp : — 



Candle- 

Power of 

Liamp. 



16 



16 
16 



18 



Current 

in 
Amperes. 



•62 



•63 



.T. 



726 



18 
18 



20 



20 
20 



•63 



•64 



E.M.F. 

in 
Volts. 



98 



Il3si5t. . Volt- 

in I amperes 

Ohms. per per 11. P. ' per HP. 

(Hot.) I Candle, j ! 



Candlos i Lamps 



.'7 



75 



•65 



•66 
•76 



80 



102 



158 



97^1 


151 


78 


107 


100 


158-7 


99^1 


154-8 



107 



100 



157 



1515 



82 



103 



i 3-74 


199 


3-69 
35 


202 
213 


3-5 
3-52 


213 


212 

226 


33 


332 


225 


33 

31 


2:^6 


240 



12 



19 



12 



12 



12 



12 



11 



11 



12 



109. Efficiency of incandescent lamps. The efficiency 

of any incandescent lamp can be altered at will. For in- 
stance, if we have a lamp intended to work at 100 volts 
and giving 200 candles per H.P. at that pressure, we shall 
find if we increase the pressure to 110 volts that we greatly 
increase the efficiency. It may be to 500 candles per H.P. 
or even more. 

The higher the efficiency of the lamp the less coals are 
required to work the engine driving the dynamo in order to 
produce a given quantity of light. 

But — the higher the efficiency of the lamp the less time it 
will last before breakioor^ i.e. the greater will be tlio annual 
cost for renewals of lamps. 



I20 School Eleetricity. 

We see tlierefore that where coal is cheap, or wliere we 
cao get water-power to drive oar dynamos, we ought to 
work our lamps at a low efficiency, bnt where coal is dear 
we should work them at a high one. 

Inventors of new lamps generally state that their lamps are 
thirty per ceDt.higher efficiency th^ those in common ase,and 
invite tests, which being made prove 
that their statement is correct. Thia 
high efficiency is however obtained at 
the expense of durability of " life," bnt 
the diminution of life is not detected 
during the short time that the exhibi* 
tion of the lamps lasts. 

110. The holder. Swan lamps are 
more generally made with a cap, as 
shown in fig. 62, and the two insulated 
semi-circnlar plates of metal are con- 
nected to the terminals. This cap or 
neck fits into a socket in the chandelier 
provided with a bayonet joint, and two 
springs on it press on the plates of the 
lamps. These springe are connected 
Fig.ea. respectively to the mains, and serve the 

double purpose of making contact and keepiug the lamp in 
its place. 




QnESTIONB ON Chaptbb XVI. 

1. Describe, with sketches, the process of tnannfacfcure 
of a Swan lamp. 

2. When should Swan lamps be worked at higb efficiency, 
when at low F ■ 

3. What is the avei-age efficiency at which Swan lamps 
are worked F 
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ARC LAMPS. 



111. Arc lamps. In arc lamps^ as we have already stated,* 
the resistance which converts the current into heat is that of 
the heated air between the ends of two carbon rods, from one 
to the other of which the current passes. The light is pro- 
duced by the incandescence of the end of the carbon poles 
and of the minute particles of carbon which become detached 
and float in the heated air between them. The heated air 
containing the particles of carbon forms what is called the 
'^ electric arc." 

The carbon rods vary in diameter from J inch in the 
smallest lamps made, to 3g inches in a lamp recently con- 
structed by the Brush Company. 

The carbon rods slowly burn away, and therefore have 
to be continuously fed forward by suitable machinery, so 
as to keep "the resistance of the arc'* as constant as 
possible. On the steadiness of the feeding machinery, and 
on its sensitiveness to minute changes in the resistance, 
depend in a great measure the steadiness and freedom 
from flickering of the light. 

It is also necessary that all arc lamps should light them- 
selves when the current is started, i.e. that when no cur- 
rent is passing, the carbons should be in contact, and that 
when the current commences to flow, they should be in- 
stantly separated to a distance giving an arc of the re- 
quired resistance. This distance will vary according to 
pressure, size of lamp, &c., from -^^ inch to | inch. 

An immense number of regulators have been constructed 

* Page 113. 
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by different inventors, but they may all be divided intc 
some three or four general types. I propose in the present 
chapter to describe two lamps only, namely, the Serrin and 
the Crompton. I have selected these two, as the Serrin is 
very easy to understand, and the Crompton, though more 
complicated, is about the best lamp at present in practical use. 

112. The Serrin lamp is only used for lighthouses. 

The qualities required in lamps are different according 
to the service for which they are intended. 

For lighthouse work it is absolutely necessary that the 
light shall never be extinguished for an instant, that 
the mechanism shall be strong, and that an ordinary light- 
keeper shall be able to manage it. Expense, weight, and 
bulk are matters of no consideration whatever ; neither is 
there any objection to the mechanism being below the arc, 
as the light is not required to be directed vertically down- 
wards. Slight pulsations in the light are not a serious 
defect. The arc must always be kept in the focus of the 
reflector, so both carbons must be fed forward. 

In lamps intended for street lighting the chief considera- 
tion is steadiness and freedom from flickering. They must 
be moderately cheap, and not too heavy to hang on an ordi- 
nary lamp-post. The whole of the mechanism must be above 
the light, so that shadows may not be cast downwards. 

A temporary extinction of the light, though much to be 
deprecated, would not, as in the case of the lighthouse lamps, 
be likely to have consequences fatal to life, and therefore 
strength of machinery need not be studied to the exclusion 
of all considerations of economy. 

Further, street lamps must be so constructed that several 
can be worked ott' one machine, and so that the accidental 
extinction of one shall not affect the rest. As a slight lower- 
ing of the position of the light is not objectionable, one 
carbon may be fixed and only one fed forward. 

Arc lamps arc not suited for the interior illumination of 
rooms, but when so used considerations of perfect freedom 
from flickering outweigh all others. In this case the lamp 
must be also so adjusted as to be free from the hissing 
sound which is often produced by an electric arc. 
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All lamps should be constructed so that they will burn 
om dark to daylight of a winter night, say sixteen hours, 
dthout attention or requiring new carbons. 

When lamps are worked by a direct current, the positive 
arbon consumes away about twice as fast as the negative ; 
rith an alternating current the consumptions are of course 
iqual. The adjustments of springs, &c., required when 
lirect and alternating currents are used, are somewhat 
iifferent. 

113. The Serrin lamp. Fig. 63 is a drawing of a Serrin 
amp. 

The base of the lamp contains clockwork, which is actu- 
ated by the weight of the upper carbon. The racks carry- 
ing the upper and lower carbons are connected by cog- 
wheels, so that as the upper carbon sinks the lower one 
rises to meet it. When the lamp is to be used with alter- 
nating currents the cog-wheels gearing into the two racks 
are of the same size, and the carbons advance equally. When 
direct currents are to be used, the cog-wheels are so propor- 
tioned. ifiat the -F carbon moves twice as fast as the - one. 
As the carbons move, the star- wheel, which is the last wheel 
of the train, revolves very rapidly, and a very slight brake 
applied to it is sufficient to lock the carbons. When the 
carbons are in contact a current can be sent through the 
lamp. The current passes through the electro-magnet,, 
which attracts its armature, and pulling a lever draws 
down the lower carbon-holder, and, separating the carbons, 
forms the arc. At the same time the lever locks the star- 
ched, and prevents the carbons from moving. 

As the carbons burn away the arc gets longer, and as its 
•esistance increases, the current in the magnet gets weaker, 
^nd the armature is drawn a little way from it by the spring. 
I'his releases the star-wheel, and the carbons approach each 
>fcher till the current has recovered its proper strength, when 
he armature is again attracted and the carbons locked. 
L'his adjustment is repeated at intervals until the carbons 
re consumed. 

The upper carbon can be brought exactly into line with 
he lower one by means of the screws seen at the top of 
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^ Of the two screws Been on the left-hand side of 

^e clock-case, one adjuats the tension of the spring and 
80 regulates the length of the arc, the other enables both 
carbons to be raised or lowered together witliont altering 
their distance apart, so as to place the arc exactly io the 
focus of tlie reflector. The position of the arc should be 
level with the top of the little bracket which is pivotted on 
tlw tnhe inside which the upper carbon-rack slides. The 
hiMcket can be turned round so as to he close to the arc, or 
cn-i be turned back out of the way. The lamp is simply 
slid into position on two brass rails, to which the wires from 
ihc macliine are attached. In case of any accident to the 
lamp it can be removed and a spare one substituted in a few 
Hpconds, as placing the lamp in position at once makes the 
connections. 
114. The Crompton lamp. The latest type of lamp 

made by Messrs. Crompton and Co. is known as the D.D. 
(tlouble differential) lamp. It is the joint invention of 
!\fpS8rs. Crompton and Orabb, and shows a marked improve- 
ment on theolderformsinpoint of simplicity of construction 
and also in regulation. TUis latter is effected by a brake- 
wheel driven hy the rack rod attached to the upper carhons. 

Referring to fig. 64, B and B, are the rack rods carrying 
the positive carbons. Sliding on each of these is a light 
g;un-metal sleeve, S S,, carrying spiudleSj to which are 
attached the two large brake-wheels E E,, and between them 
the pinion which gears into the racks. To each side rod is 
pivotted a broad lever L L,at the otberend of whicha chain 
is fastened, connecting it to the hollow core of the solenoid 
vertically above. This solenoid is what is called a "dif- 
fiTential coil," i.e. it is wound with two sets of wires M and 
G. The action of a current in M is to draw the iron core 
upwards, that of one in G to pull it down. The regnlating 
'gear, which we shall describe immediately, is so constructed 
Ihat when the core is raised the carbons are separated, when 
■ i- lowered they are brought nearer together. 

The coil M, which separates the carbons, is wound with 
[iiick wire, and is " in series" with the arc, and therefore 
iT the current through the arc gets too strong the increased 
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Jltrength of the eame current ia the coil M so actoatea the 
machinery that it lengthens the arc, and bo, increasing its 
resistance, decreases the current. 

The other coil G is wound with fine wire and is "in shunt " 
with the arc, tliat is, purt of the current goes through the 
are and part through the shunt. If the arc gets too long, 
its resistance increases and a greater portion of current goes 
through the shunt coil; this pulls the core downwards and 
shortens the arc. 

The following is the machinery by means of which the 
motions of tho iron core move the carbons. In reading the 
Jfsn'iption constant reference must he made to the diagram, 
iigCi, when it will be found not very difBcult to under- 

■■tfliul. 

Projecting vertically downwards from each sleeve to a 

liistance from the centre of the spindle about equal to the 

radius of the brake -wheels, is a stout pin or finger, F F[, 

t!ie ase of which we will try to make clear. Suppose the 

rack rod to be drawn up; then, if the lever be pulled by 

the solenoid above the horizontal position, the whole weight 

of the rod and carbon ia supported on the edges of the two 

hrdke-wheela, and the friction of them on the surface of the 

levers is sufficient to prevent their revolution; hence this 

i^ck rod cannot run down : bnt if the levers be below the 

.'/.ontal, then the weight is carried by the finger project- 

, from the sleeve, as shown at F, the wheels are free to 

■:., the rack runs down, and continues to do so until the 

itive and negative carbon points come iu contact. Now 

I lio cun-ent be switched on : by its passage through the 

' :i wire of the solenoid the levers are raised, striking tho 

' , and at the same time applying the brake to the wheels, 

llie shunt current then flows, and the arc takes its proper 

't'Dgth. IF this becomes too great, the increased current 

'hrongh the shunt draws down the core and levers; the 

'" iki.'wheels are left free to revolve and the arc shortens. 

ihe other hand, if the carbon points be too close, tho 

' !^ are raised, bringing with them the rack rods and upper 

ilaking the finger projecting from one sleeve longer than 
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that from the other, determines which pair of carbons shall 
begin to bum first, because, on switching on, that pair 
which has the longer pin will be the last to break contacti 
and will therefore originate an arc in so doing. It will be 
easily seen from fig. 64, that on the core being raised the 
lever L, will apply the brake before the lever L does, hence 
it may be said that the rack rod Bj gets a start on B ; its 
carbon points are separated before those of B, and are kept 
a greater distance apart until the latter are consumed. 
When this is the case, the rack rod B, is prevented from 
farther fall by a stop and can no longer feed, hence the arc 
will lengthen, the shunt current will increase, and the other 
rod Bi, which can still feed, will be allowed to descend until 
its carbons touch, starting a fresh arc. The core is raised 
again, the fresh arc burning instead of the old one, and 
everything goes on as before until the second pair of carbons 
is consumed. 

116. Carbons for arc lamps. Davy's first experiment 
with the electric arc was carried out with pieces of wood 
charcoal as electrodes, but it was at once seen that electrodes 
fijrmed of such a soft material could not be of much prac- 
tical use, as they burned away too rapidly, and gave off 
coruscations of dangerous sparks. It may be here mentioned 
that, seventy years later, Gaudoin, at Paris, again reverted 
to the use of rods of wood charcoal, the density of which he 
increased to any required extent by filling up the pores with 
various hydro-carbons, alternately soaking the rods in liquid \ 
hydro-carbon, and firing them until they gave a metallic I 
ring. But for many years the carbon electrodes used for all I 
experiments with the electric light were strips sawn from f: 
the graphitic deposits found in gas retorts. 

In the carbon electrodes as now used coke or graphite i» 
finely powdered and washed in alkaline cells to get rid of 
the silica and earthly impurities, after which it is ground ia 
a pug-mill, with sufficient syrupy or tarry hydro-carbon \f^ 
agglutinate it into a stiff paste. This paste is then pressed 
into rods of the required form by being forced throogk I 
moulds or dies. 

Sometimes the pressure is applied endways^ the paste 
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being forced out in a continuous rod of the proper thickness, 
and cut off into lengths as required. Another plan is to 
apply the pressure sideways, the dies being divided longi- 
tudinally into two parts. In the latter case, several rods 
are usually pressed at one time. The rods thus formed are 
carefully dried, and afterwards fired in kilns, having been 
previously packed in air-tight boxes, and embedded in coke 
dust. After one firing they are generally found to be porous, 
and require soaking in syrup and a second time firing. 
Some of the makers repeat this process more than once. 

The following points are aimed at in the production of a 
perfect carbon for arc lighting : — 

1 . Freedom from all matter other than carbon. 

2. Regularity of density. 

3. Mechanical perfection of form. 

4. Low electrical resistance. 

116. Purity. It is not sufficient that the coke or other 
powdered carbon from which the rods are made should be 
in the first instance free from earthy or metallic impurities, 
but a great deal depends on the care taken in subsequent 
processes of manufacture to insure that the volatile gases, 
most of them hydro-carbons, are thoroughly expelled during 
the process of firing. The reasons for this are as follows : — 

Carbon beiog the most refractory of any known substance, 
disintegrates to pass across the arc at the highest possible 
temperature, and as the whiteness of the colour, as well as 
the amount of the light given by the electric arc, depends 
entirely upon the temperature of the arc,* it is evident that 
any admixture of substance other than carbon will, by lower- 
ing the mean temperature at which the electrode is dis- 
integrated, tend to diminish the amount of light given. 

Observations taken with the spectroscope show that at 
the times when the arc distils itself free from all foreign 
Salts, the colour of the light is most intensely white, and the 
amount of light is at a maximum ; and it is almost certain 
the temperature is also at a maximum. At the same time it 
is observable that the conductivity of the stream of matter 
passing across from one electrode to another is at a minimum ; 

* Compare p. 112. 

K 
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hence if the di£Fer6nce of pressure at the two sides of the arc 
is maintained constant^ the arc will be shortest at the times 
that the carbon is purest, and the action being then confined 
to the smallest possible space^ will be intensified in propor- 
tion, resulting in greatly increased light and economy. The 
addition of the smallest portion of any material which vola- 
tilizes at a lower temperature than carbon itself, increases 
the length of the arc with the results the reverse of those 
above mentioned. 

Gaseous impurities, the chief offenders being hydro- 
carbons, are peculiarly annoying in this respect. When they 
are present to any extent, they always break out at irregular 
intervals as blowers of gas, which are comparatively of high 
conductivity. These jets play around the crater proper in 
a most irregular manner, and are the chief cause of the 
flickering so often complained of in arc lighting. It is quite 
common to see the arc start from a point very high up on 
the cone outside the crater, and forming a curved and rapidly- 
moving jet towards a point on the cone of the negative 
carbon. At such moments the light is found diminished to 
one-third or one-quarter of its normal brilliancy, and as the 
lamp adjusts itself to the new conditions by automatically 
lengthening the arc, a vibratory or reciprocating action 18 
set up in the lamp, which greatly intensifies the mischief. 

Silica and other earthy matter when present in carbon, in 
addition to lowering the arc temperature, form a more or 
less bulky ash, wluch falls down into the surrounding 
globes, and is extremely unsightly. When continuous cur- 
rents are used, this ash accumulates on the negative elec- 
trodes, and thus produces ugly and otherwise objectionable 
shadows. 

For the method of satisfying the three latter requirements 
of a good carbon the reader is referred to my '^ Electric 
Lightiug," p. 103. 

117. The size of carbon electrodes. The economical 

efficiency on the one hand, and the steadiness of the lighi 
on the other, depend very greatly on the diameter of the 
carbon electrode employed with a given current. Within 
certain limits the one is in inverse ratio to the other. That 
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is to say^ as we decrease the diameter of the carbon^ we 
increase the amoniit of light from a given current, and 
decrease its steadiness. The diameters most commonly used 
have been as follows : — 

For currents from 7 — 12 amperes 9 m.m. to 11 ♦m.m. diam. 

„ 12 — 18 „ 11 m.m. „ 13 m.m. „ 

„ 18 — 25 „ 13 m.m. ,, 15 m.m. „ 

„ 25 — 40 „ 15 m.m. „ 18 m.m. „ 

„ 40 upwards 18 m.m. „ 20 m.m. „ 

It is extremely difficult to obtain carbons above 20 m.m. of 
sufficient homogeneous texture to give a steady light with 
lamps having automatic regulation. All carbons above this 
diameter are used with the large arcs as search lights for 
military and naval purposes, and most commonly worked by 
non-automatic hand regulators^ and as all the best modern 
projectors are fitted with an arrangement for viewing the 
arc from the side, the attendant in charge can quickly set 
right any irregularity caused by change of density. 

If the above rules'as to diameter proportionate to current 
are departed from, the following results take place : — 

If a carbon of too small diameter is used, the positive 
carbon cores away so rapidly as to cut down the sides of the 
crater, and the intensely-heated portion of the carbon 
extends outside the walls of the crater proper ; in this way 
a great amount of the light which ordinarily would be thrown 
downwards on to the surface required to be illuminated, 
will be wasted in the upper part of the spherical angle. In 
addition to this loss, there is great danger of the carbon 
becoming red-hot from end to end, and thus wasting away 
like a candle in a hot oven. Again, the light also becomes 
very unsteady ; the arc does not pass steadily between the 
points of the cone and the crater proper, and the lamp burns 
for a shorter time than it ought to do. 

On the other hand, if carbons of too great diameter are 
used, they do not point properly, and consequently, the angle 
of the lower carbon being very obtuse, throws down a 
large shadow. A great part of the electric energy, instead 
of being utilized in producing an intense temperature at 

* One m.m, (millimetre) is practically equal to ^^ inch, 

K 3 
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the crater^ is wasted in heating the external portion of the 
massive carbon to red heat. 

Nevertheless there is no doabt that the use of large 
carbons has greatly extended during the last few years. 
Although energy is wasted, and consequently less light is 
afforded by a given current, there is a great increase in 
steadiness, and the lamps burning for longer hours do not 
require so much attention. 

The following table gives the result of experiments on the 
illuminating power per electrical H.P. of carbons of varying 
diameters : — 



Amperes. 


18 m.in. 
Candles. Volts. 


13 m.m. 
Candles. Volts. 


11 m.m. 
Candles. Volts. 


5 to 14 
14 „ 18 
18 „ 25 


2660 
4400 
5263 


600 
39-0 
42-75 


2278 
3514 
3637 


48-0 
46-9 
42-9 


2549 


622 



Questions on Chaptbk XVII. 

1. Describe the Serrin arc lamp. 

2. Describe the Crompton arc lamp. 

3. What are the principal requirements for good carbons ? 

4. Why are volatile impurities in carbons objectionable ? 
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DYNAMO MACHINES. 



All dynamo machines consiat of apparatus for moving 
coils of wire past luagneta or magnets past coils of wire. 
Tlie result of so doing is to produce electric cun-enta in 
the wire of the coils. These currents are led out from tho 
machines and ntilized. 

Dynamo machinea may be divided into two great classes, 
dvrect and alternating. 

118. Direct and alternating currents. A direct 

carrent ia a current which, always flows in the same direc- 
tionj an alternating current ia one whose direction ia con- 
stantly being reversed. The alternating cuiTents used in 
practical electric lighting are reversed about 5000 times per 
minute, Each clasa of current has its special uses and 
advantages. 

119. Alternating current maehineB. Alternating 
current machines consist generally either of two fixed 
wheels with magnets all round their rims, and of a wheel 
with coils round ita rim which revolves between them, or 
else of one revolving wheel carrying magnets revolving 
between two fixed wheels carrying coils. 

Tho largest alternating machines which have been con- 
structed, are those which I have lately erected at Green- 
wich ami at Paddington. The following is a description of 
the Greenwich machine. Fig. 65. 

It consists of a wrought-ii'on wheel, carrying the magnets, 
which is eight feet diameter at the magnet centres (8 ft. 9 in. 
over all). The magneta, which are thirty-two in number, 
couaist each of a cylindrical core of aoft wrought-iron 
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ziicfa passes right through tlio wroDght-iroii disc, and! 
bojects equally on both sides of it. i 

\_ Brass bobbiiis, containing the magnet wire, are slid on tol 

the projecting portions of the cores, and are kept in their ^ 
places by the pole plates, which are afterwards attached. 
The revolving wheel is built up of sheets of boiler-plata j 
riveted together, and strengthened by two cones of boiler- J 
plate, placed one on each side. The cones and disc are I 
separated by cast-iron distance-pieces, aa shown in section in | 
fig. 65. 




f This wheel revolves between two fixed iron rings carryingl 
Be armature coils. I 

I The fixed coils are secured to castriron frames, but the I 
bpB8 are prolonged, so that the frames are set back into a I 
leld of weak magnetism. Fig, 66 shows some of the fixed | 
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coils. Their flanges are made of G-erman silver to cliecTt 
circulation of currents in them. 
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'37 



The eight-foot, machino ruiia at 1-iO to 180 revolutions 
per minute, and so is connected direct to the steam-engine 
without belting. The total weight ia twenty-two tons, and 
the total weight of the revolving magnet wheel seven tons. 
The only rubbing contact is that where the exciting current 
produced by a direct current machine enters the revolving 
magnets, 

Aa the magnet poles pass the soft iron poles of the fixed 
coils they magnetize them by induction, and as consecutive 
magnet poles are of opposite polarity the magnetism of 
each of the iron coils ia reversed 32 times each revolution, 
or 32 X 140 = 4180 times per minute. 

At each reversal a current is induced in the wire of the 
coils which flows out into the mains, the direction of the 
current being therefore reversed 4480 times per minute. 

120, Direct current machines. The direct current 
type of machine may be divided into two sub-typeSj namely, 
the " Gramme " type and the " Siemens " type 

Fig *>7 IS a view of a machine of the Gramme tjpe, 
known as the Burgin machine 

It consists of a pau of large magnets, the poles of which 
are the curved masses of irou seen at the top and bottom of 
tlio machine One, say the top one, is a N pole, the other 
u tS pole 

The armature re 
volves in the cylin 
diical (ipenmg be- 
tween the poles The 
method of its action 
wdl be best under 
stood by a diagram. 
Fig. 68, 

Fig. G8 is a dia- 
gram of a machine 
of the Gramme sub- 
type. The armature 
consists of a ring of 
softironronndwhich 
wire is wound as a continuous spiral, forming a eluded circuit. 
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It revolves between two poles of opposite nameSj the 
lines of force from which terminate in the ring. 

As the ring revolves these lines of force are cnt by the 
moving wires, and electro- motive forces are generated in 
the two halves of the ring in opposite directions, so that they 
meet and oppose one another at the neutral points N P, as 
in fig. 69. 




Fig 60. 

As long as no farther connections are made, no cuiTont Ib 
generated, and no H.P. expended. If, howeverj the points 
N P are. connected through an external circuit, such as a 
number of lamps, the two halves of the ring will act like two 
batteries in parallel circuit, and a current will flow, as in i 
%. 70. 

We see that, owing to the ring being in motion and the i 
neutral point necessarily at rest, a permanent connection 
between the line and the wire in the ring cannot be made, 
but a special device has to be employed, I 

121. The collector. The collector is made of a barrel oE i 
wood or other insulating material, shown in the centre of 
fig. 71, on which are a number of insulated metal strips. , 
Each of these strips is connected by a wire to the part of 
the spiral wire opposite to it Two metal brushes press or rub 
on the strips at the points P N, where the opposite electro- 
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tive forces diverge and join again. These brashes convey 
current to the external circuit. 
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122. The Siemens sub-type. In this typeof machiiie 

the wire is wound longitudinally round an iron barrel. It 
differs from the Gramme ring by the omission of those 
parts of the wire which pass inside the ring. Fig. 72 shows 
the Gramme type in section, fig. 74 the Siemens type, and 
fig. 73 an imaginary intermediate type. 
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Pig. 72. 



Fig. 73. 




Fig. 74. 



The collector in this type of machine is similar to that in 
the Gramme type. 

123. Production of magnetism in the field magnets. 

— The direct type of machine can *' excite " its own magnets, 
as a portion of the current generated is sent round their 
coils. The alternating type has to have its magnets excited 
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by a small auxiliary direct-current machine. There are 
three forms in which the direct-current machines are con- 
structed to excite their own magnets, and they are called 
respectively, '^ Series-wound/' Shunt-wound,'' and "Com- 
pound." 

In the series-wound dynamos the magnets are wound with 
a comparatively short length of wire thick enough to carry 
the whole current generated, and are connected in series with 
the armature and brushes. The first time such a machine 
is worked it must be excited separately by a battery or by 
another machine. 

When once the magnets have been excited, a feeble 
residual magnetism will remain in them. On the machine 
being worked this feeble magnetism developes a feeble 
current in the armature ring. This feeble current passing 
through the magnets strengthens them, and they in turn 
strengthen the current in the armature. These alternate 
reactions go on until the maximum current that the machine 
can give is being generated. 

This maximum is limited first by the external resistance, 
or, if the machine be short-circuited, it is limited by the 
magnets approaching their saturation-point, and by the 
internal resistance of the armature. 

The practical current that can be taken out of such a 
machine is limited by the capacity of the wire to carry it 
without undue heating. 

Short-circuiting a series-wound dynamo will do either 
one of three things : burn through the insulator, or by the 
extra H.P. absorbed, throw off the belt or pull up the steam- 
engine. 

In shunt-wound dynamos the magnets are wound with a 
large quantity of thin wire, which is connected to the arma- 
ture brushes in quantity with the lamps or other external 
circuit. The currents in the magnets and lamps then divide 
according to the ordinary rules of divided circuits. The same 
alternate reinforcement of the current and magnets goes 
on as in the series machines. Short-circuiting a shunt- 
wound dynamo simply stops the current, as it removes all 
the current from the magnets. 
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In compound macliines the magnets are wound partly 
shunt and partly series. 



Questions on Chapter XVIIL 

1. Describe the Gordon dynamo machine. 

2. Explain the theory of the Gramme ring. 

3. Explain the Gramme collector. 

4. Describe the Burgin machine. 

5. Describe the Siemens direct current machine. 

6. What is series winding ? 

7. What is shunt winding ? 
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CHAPTER XIX. 

ELECTROLYSIS. 

124. Description of the phenomenon. If a body which 

is a compound of two substances is in a liquid state^ and 
has a current of electricity passed through it, it is in general 
decomposed into its constituent elements, one of which ap- 
pears at each of the points where the current enters and 
leaves the liquid. 

If two platinum wires be immersed in acidulated water, 
and connected to a battery, the water will be decomposed ; 
and hydrogen wiU appear at the negative pole, oxygen at the 
positive, and the volume of the hydrogen produced will always 
be double that of the oxygen. 

If a solution, say of sulphate of copper, is substituted for 
the acidulated water, copper is deposited on the negative 
pole, while sulphuric acid is liberated at the positive. 

125. Faraday's nomenclature.* The process of re- 
solving compound bodies into their constituents is called 
Electrolysis. The bodies acted on are called Electrolytes. 
The poles at which the decomposition takes place are called 
Electrodes. 

The electrode attached to the zinc of the battery is called 
the cathode ; and the other, the anode. 

The products of decomposition are called ions ; those which 
go to the anode are called anions and those which go to the 
cathode cations. 

Thus chloride of lead is an electrolyte, and when electrolysed, 
by having the electrodes of a battery immersed in it, evolves 

♦ " Exp. Ees.,» 666, vol. i. p. 197. 
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the two ionsy chlorine and lead, the former being an aniouj 
the latter a cation. 

126. Laws of electrolysis.* Nb elementary substance 
can be an electrolyte. 

For by definition, an elementary substance is that which 
cannot be separated into two constituents. 

Electrolysis only occurs while the body is in the liquid 
state. 

The free mobility of the particles is a necessary condition 
of electrolysis, for the process can only take place in one of 
two ways. 

The molecule next one of the electrodes is decomposed. 
One constituent of it goes to the near electrode, and the other 
either travels to the other electrode or combines with a con- 
stituent of the molecule next to it, setting free a portion 
similar and equal to itself; which in its turn combines with 
the corresponding portion of the molecule next to it, and so 
on. In either case the free mobility of the particles is an 
essential condition. 

Nevertheless, electrolysis sometimes occurs in viscous 
solids j but only in proportion to their fluidity. 

Fused nitre is an excellent conductor in the liquid state. 
If, however, a cold platinum wire , connected to a battery be 
dipped into it, electrolysis does not commence till the crust 
of solid nitre, which is formed round the cold wire, has had 
time to re-melt. 

On this point Professor Maxwell f says, — 

^^ Clausius, J who has bestowed much study on the theory 
of the molecular agitation of bodies, supposes that the mole- 
cules of all bodies are in a state of constant agitation, but 
that in solid bodies each moldbule never passes beyond a 
certain distance from its original position, whereas, in fluids, 
a molecule, after moving a certain distance from its origiojJ 
position, is just as likely to move still farther from it as to 
move back again. Hence the molecules of a fluid apparently 

♦ See Miller's " Chemistry," 4th ed. vol. i. p. 616. 
t Maxwell's " Electricity," 266, vol. i. p. 309. 
I Pogg. Ann. Bd. ci. S. 338 (1857). 
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at rest are continnally changing their positions, and paseingf 

irregularly from one part of the fluid to another. In a 

compound fluid he supposes that not only the compound 

molecules travel about in this way, but that, in the collisiona 

which occur between the compound molecules, the moleculeB 

of which they are composed are often separated and ehango 

■ partners, so that the same individual atom is at one time 

I aaeociated with one atom of the opposite kind, and at another 

I time with another. 

' " This process Clausius supposes to go on iu the liquid at 
I all times ; but when an electro- motive force acts on the liquid, 
the motions ofthemolecnles, which before were indifferently 
in all directions, are now influenced by the electro -motive 
forcOj so that the positively charged molecules have a greater 
tendency towards the cathode tnan towards the anode, and 
the negatively charged molecnles have a greater tendency 
to move in the opposite direction. Hence the molecules of 
the cation will, daring their intervals of freedom, struggle 
towards the cathode ; but will continually be checked iu 
their course by pairing for a time with molecules of the anion 
which are also struggling through the crowd, but in the 
opposite direction," 

The direction of the molecules is always the same with 
regard to the direction of the battery current. 

The following very instructive experiment for showing the 
definite direction of electrolytic force is due to the late Dr. 
W. A. Miller. He says, — 

" Let * four glasses be placed side by side as represented 
in fig. 75, each divided into two compartments by a parti- 
tion of card or three or four folds of blotting paper, and let 
the glasses be in electrical communication with each other 
by means of platinum wires which terminate in strips of 
platinum foil. Place in the glass No. 1 a solution of potassic 
iodide mixed with starch; in No. 2, a strong solution of 
common salt, coloured blue with sulphate of indigo ; in 3, a 
solution of ammoninm sulphate, coloured blue with a neutral 
infusion of the red cabbage; and in 4, a solution of cuprio 
sulphate. Let the plate H be connected with the positive 
• Miller'fl " Elem. Cliem.," vol. i. p. 517, 
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wire, and leb A complete the circuit through the negative 
wire. Under these circumstances iodine will speedilj' be 



set free in B, and will form the blue iodide of starch ; chlorine 
will show itself in D, and will bleach the blue liqnid ; sul- 
phuric acid will be seen in F, and will redden the infasion 
of cabbage; sulphuric acid will also be liberated in H, as 
may be seen by introducing a piece of blue litmus paper, 
which will immediately be reddened; whilst a piece of 
turmeric paper will be turned brown in A, from liberated 
potash ; in 0, it will also be turned brown by the aoda set 
free ; in E, the blue infusion of cabbage will become green 
from the ammonia which is disengaged; and in G, metallic ' 
copper will be deposited on the platinum foil." 

For a constant quantity of electricity, whatever tlie decom- 
posing conductor may he, whether water, saline solutions, acidi, 
fused bodies, ^-c, the amount of electro-chemical action is a 
constant quantity. That is, the same quantity of electricitf ■ 
will always produce the same amount of chemical effect.* 

The same current electrolyses different quantities of dif- ' 
ferent substances, but the proportion of one to the other 
depends only on their chemical equivalents. 

Thus, if a current from a battery be sent through a seriflB ' 
of troughs containing respectively, — 

Water (H,0). 

Fused plumbio iodide . , . (Pb I,), 
Fused Btaonous chloride . . . (Sq C^), 



* Faradaj's " Kip. Ree.," 506, vol. i. p. 146. 
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then for each 65 milligrammes of zinc dissolved in any one ': 
cell of the battery, there will be produced, — 

(2 X 1) = 2 milligrammes of hjdrogeD, 
16 „ of oxygen, 

207 „ of lead, 

(2X127) =254 „ of iodine, 

118 „ of tin, and 

(2x35-6) = 71 „ of chlorine; 

and these numbers, — 

65, 1, 16, 207, 127, 118, 355, 

correspond to the chemical equivalents of the elements 
respectively. 

If three similar vessels A, B, C, with platinum plates, and 
containing acidulated water, be arranged as in fig. 76, and 




Fig, 76. 



a battery current passed through them, the sum of the 
quantities of gas produced in B and C will be exactly equal 
to that produced in A. 

127. The voltameter. This fact enabled Faraday to 
invent the YoliameieTy which consists of a trough containing 
acidulated water, and having electrodes inserted in it. 
Beceivers over the electrodes collect the gas produced. The 
quaniiiy of gas produced per minute is an absolute measure 

^ of the mean strength of the current during that time ; and the 
total quantity of gas is a measure of the total strength of 

' the current. 

If It is necessary to collect the gases separately, as chemi- 
■ ▼ o 



I 
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c&ll^ clean platinum has the power of indacing their recom- 
bination. 

Fig. 77 shows a common form of the inatroment. 




Fig. 77. 

The tnbes are previoaaly filled with water and inverted 
over the electrodes. Aa the gaa risea it displaces the water. 
The amount of gas formed is known hy gradnations on the 
tubes. 

Electrolysis ia of great practical importance, for nearly all 
the operations of plating, whether with copper, silver, or 
gold, are performed by making the substance to be plated 
the negative electrode in a solution of a aalt of the metal 
with which it ia desired to plate it. 

128. Electro-plating. The current nsed for electro- 
plating is commonly produced by a dynamo giving small 
pressure (three or four volts) and large current. 

In silver-plating, for in3tance,a trough is provided contain- 
ing a solution of potaasio-cyanido of silver. The apoons, 
forks, or teapots which have to be plated are hung in the 
solution, and a wire from the negative polo of the dynamo 
ia attached to thetti. The positive polo ia attached to another 
piece of metal, which is also immersed in the trough, (h 
working the dynamo the potassio- cyanide of silver is decom- 
posedj and the silver is deposited on the articles to be plated. 
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Questions on Chapter XIX. 

1. What is Electrolysis? 

2. What are its principal laws ? 

3. What is Clausius' theory of electrolysis ? 

4. What is the law of electro-chemical action ? 

5. What is the voltameter ? 

6. Describe the process of silver-plating. 
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CHAPTER XX. 

BLECTEO-MAQNETS— DIAMAQNBTISM AND MAQNE-CEYSTALLIC 

ACTION. 

129. We have already stated that if an insulated wire be wound 
round a bar of iron or steel, and an electric current be sent 
round the wire, the core becomes a magnet with its marked 
end in the position in which the marked end of a permanent 
magnet would come to rest, if it were placed, free to turn, 
inside the helix instead of the iron core. When the core is 
of soft iron it becomes magnetized on the passage of the 
current, and loses its magnetism when the current ceases. 
When the bar is of steel, it resists the assumption of the 
magnetic state, but, when magnetized, retains its magnetism 
for an indefinite time after the cessation of the current. 

The property of soft iron is taken advantage of in the con- 
struction of ^^ electro-magnets,'' by means of which very great 
magnetic forces are obtained, which forces are under perfect 
control, for within certain limits the strength of the tem- 
porary iron-magnet is proportional to the strength of the 
current in the wire. 

130. Electro-magnets are frequently made in the horse- 
shoe form, and when in this shape usually consist of two 
parallel pillars of soft iron, connected at one end{by a massive 
cross-bar of the same metal. The wires are wound on hollow 
brass reels, which can be lifted on and off the iron pillars. 

The magnet shown in fig. 78 consists of a "horse- shoe," 
whose pillars are each 13 inch'dsiong and 2| inches diameter; 
the helices, which are 12 inches long and 5 inches external 
diameter, each contain about 1000 turns of insulated copper 
wire of about No. 18 gauge. The helices weigh about 35 lbs. 



Electro-inagnets. 
^. Such a roaguet, if fixed witt its poles clownward, and 




Kcited by a powerf nl carrent, would probably carry a weight 
f from one to three tons attached to the armature. Magnets 
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I of thia size, however, are used for a different purpose. Their 

I magmeiic action is so intenne that it affects almost all Jmown 

\ substances, in addition to those few commonly known as 

magnetic. Some substances are attracted like iron, but 

others are repelled. Tbe action on most substances is 

too feeble for tke attraction or repulsion to be obseired 

I directly. 

I To observe the action, say, on a piece of glass, the magnet 
I is placed with its pillars vertical and the cross-bar at the 
I bottom. The free poles tben project up about an inoh abova 
I tbe helices. Two blocks of soft iron, wbich are called the 
I movable polea, are placed upon tbe tops of the pillars. A 
I body placed between these blocks is practically between two 
I horizontal poles. 

I By sliding the blocks, the horizontal poles can be either 
I approached close to each other or separated to a distance cf 
I some five inches. One end of each block is flat, so as to 
give the pole a vertical plane face about two inches square ; 
the other ends are tapered to a blunt point. Either the flat 
or pointed ends can be turned towards each other. A body 
placed between the two pointed poles is subjected to more 
intense forces, while one placed between the flat polea is 
in a more uniform field of force ; the action of the points 
. being to concentrate the magnetic action in one place. 
I 131. Torsion balance. In order to measure the magnotir 
I actions of tbose bodies which are very feebly affected by tli ■ 
I magnet, an apparatus called a torsion balance is used, h 
consists of a long fine thready by which the body to be mea- 
sured ia hung. The top end of the thread is fixed to a movable 
circle carried on the top of the glass tube shown in fig. 78. On 
. the magnetic forces holding a body in a particular position, it 
L canbe twisted outof that position by turning the circle aud ill 
I twisting the thread. The amount of twist or torsion whioli 
f has to be applied is measured by the number of degrees 
through which the top circle has had to be turned, and ia a 
measure of the magnetic force which baa been neutraliaed 
by the torsion. A homogeneous body being suspended 
between the poles by the torsion fibre will, if it is attracteibg 
L, take np its position with its longest diameter pointing fpcql 
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pole to pole; and if it is repelled, its longest diameter 
pointing across the line joining the poles. 

Definition, — The line joining the poles is called the axial 
line ; the line at right angles to it, the equatorial, 

132. Diamagnetism. Definition, — Iron and similar 
bodies which are attracted by the magnet are called Ferro- 
magnetic, or sometimes Paramagnetic bodies. Substances 
which are repelled are called Diamagnetic, 

The type of diamagnetic bodies is bismuth, which is 
repelled from a powerful magnet with considerable force. 
A small sphere J inch in diameter hung by a thread, say, two 
feet long, between the pointed poles of a powerful magnet, 
may be repelled so as to move it as much as a quarter of an 
inch out of the vertical. 

The phenomena of diamagnetism were first observed by 
Faraday,* on a piece of a particular kind of glass called heavy 

glass.f 

In these first experiments a rod of heavy glass was 
suspended between the poles of the great horse-shoe magnet 
of the Royal Institution. It was found that the bar always 
placed itself equatorially, that is, at right angles to the 
line joining the poles, and that it was in stable equilibrium in 
that position. There was also another position of rest when 
the length of the bar was exactly axial ; but in this case the 
equilibrium was unstable, and on the least displacement 
the bar moved to the equatorial position. 

No difference could be detected between the ends of 
the bar; the direction in which either end pointed when 
in stable equilibrium depended solely on the direction in 
which it was displaced from the position of unstable equi- 
librium, thus showing that no permanent polarity, analogous 
to the polarity of a steel magnet, is acquired by the glass. 

* " Isolated observations by Brugmans, Becquerel, Le Baillif, Saigy, 
and Leebeck had indicated the existence of a repulsive force exercised by 
the magnet on two or three substances, but these observations, which were 
unknown to Faraday, had been permitted to remain without extension or 
examination/' Tyndall, " Faraday as a Discoverer,** p. 110. 

t See " Phil. Trans.'' 1846, and in the " Experimental Eesearches " 
(2243). 
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Faraday continued his experiments on a great number of 
substances, among which phosphorus showed the effect 
'^ as powerfully as heavy glass, if not more so.*' He also 
experimented on a great number of liquids. 

Generally speaking, the distinction between para- and 
dia- magnetic substances is this : — Paramagnetics tend to 
move from weak to strong places of force, while diamagnetics 
tend to go from strong to weak places. Faraday found that 
almost all compounds of paramagnetic metals were them- 
selves paramagnetic. Blood and yellow ferro-cyanide of 
potassium are, however, exceptions, as they both contain 
iron and are diamagnetic. 

From numerous experiments Faraday deduced the follow- 
ing list, at one eud of which is iron, the strongest paramag- 
netic; at the other, bismuth, the strongest diamagnetic. 
Metals nearest the neutral point have the least action 
either way : — 

Magnetic, Diamagnetic, 

Iron. Bismuth. 

Nickel. Antimony. 

Cobalt. Zinc. 

Manganese. Cadmium. 

Chromium. Sodium. 

Cerium. Mercury, 

Titanium. Lead. 

Palladium. Silver. 

Platinum. Copper. 

Osmium. Gold. 

Arsenic. 

Uranium. 

Rhodium. 

Iridium. 

Tnngsttn. 



It must be remembered that the diamagnetism of bismuth 
is very much smaller than the magnetism of iron. 

The strength of the pole of an electro-magnet having an 
iron core may be as much as from thirty- two to forty-five 
times the magnetizing force, while with a bismuth core it 
would only be about — 

400,000®^'*^' 
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133. Diamagnetio polarity. As soon as the facts of 

diamagnetism were established, the question arose — Are the 
effects observed due to simple repulsion, or is there a true 
diamagnetic polarity induced? — that is. Do diamagnetio 
bodies, when under the influence of magnetic forces, become 
temporary magnets, in the same manner as pieces of soft 
iron under the same circumstances, only with their poles in 
the opposite directions ? 

While the marked pole of the magnet induces, in a 
piece of soft iron in its neighbourhood, an unmarked 
pole at the side nearest to it and a marked pole at the 
farther side, we should, on the hypothesis of diamagnetic 
polarity, have, if a piece of heavy glass were substituted 
for the soft iron, a^ marked pole at the side of the heavy 
glass nearest to the marked pole of the inducing magnet, 
and an unmarked pole at the further side. Faraday and 
others made many unsuccessful attempts to determine 
whether or not diamagnetic polarity exists, and the matter 
remained uncertain until 1855, when Professor Tyndall* pub- 
Ushed an account of a series of experiments, by means of which 
he obtained a satisfactory proof of the polarity of bismuth. 

The bismuth bar, IX (fig. 79), was suspended inside a 




Fig. 79. 

X Tyndall, "Diamagnetism and Magne-Crjstallio Action," p. 130 
(Longmans, Green, and Co., 1870) ; and " Phil Trans." 1856, p. 33. 
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fixed helix, B, the tube of which was considerably larger 
than the bar ; so that, within certain limits, the bar could 
swing like a galvanometer needle. Two single electro- 
magnets P P' were placed in the position shown. We 
know that if a bar of iron were substituted for the bismuth 
bar, it would be magnetized by the current in the helix, 
A B, and deflected to the right or left by the poles, P P', 
according to the directions of the currents in the helix and 
the magnet. When the current in A B was such that the 
polarity of the ends of the iron bar I Z', was the same as the 
polarity of the poles P P' opposite to them respectively, the 
bar was repelled ; when the current in the helix was reversed, 
the bar was attracted. 

On substituting a bar of bismuth for the bar of iron, 
exactly analogous efiects were produced; but the directions 
of the currents which had produced attraction with the iron 
bar now produced repulsion with the bismuth and vice versdj 
showing that the current in the hehx, which produced a 
particular polarity in the iron bar, produced a reversed 
polarity in the bismuth. The commutators, R R', allowed 
every possible combination of currents to be tried. 

In 1852 Professor Weber published a memoir, in which 
he discussed some of the mathematical consequences of dia- 
magnetic polarity. He pointed out that — 

*^ The magnetism of two iron particles lying in the line of 
magnetization is increased by their mutual action, but, on the 
contrary, the diamagnetism of two bismuth particles lying in 
this direction is diminished by their mutual action. 

^^ The reverse occurs in both cases if the particles lie in a 
line perpendicular to the line of magnetization. 

*^ From this it follows that to impart by a given mag- 
netizing force the strongest possible magnetism to a given 
mass of iron, we must convert it into a bar as long and thin 
as possible, and set its length parallel to the line of mag- 
netizing force ; and that to impart the maximum diamag- 
netism to a given mass of bismuth, we must convert it into 
the thinnest plate possible, and set its thickness parallel to 
the line of magnetizing force.^^ 

Professor Tyndall afterwards made some much more deli- 
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cate experiments, by means of which he established the 
diamagnetic polarity, not only of bismuth, but of many other 
substances both solid and liquid. 

134. Magne-crystallic action. In all the experiments 

which we have hitherto described, we have considered the 
bismuth and other substances to be in a homogeneous state. 
When, however, they are in a heterogeneous or crystalline 
state, it was observed by Faraday that considerable diflfer- 
ences are observed in their deportment under the action of 
powerful magnets. 

The general law which determines the behaviour, in the 
magnetic field, of bodies whose density is not the same in 
all directions is, that ilxe magnetic axis induced in tlie body 
coincides with the line of greatest density. 

In crystals this line is parallel to the cleavage planes ; 
that is, a diamagnetic crystal will set with its cleavage 
planes equatorial when suspended between the poles of a 
magnet, even when the diameter at right angles to the 
cleavage planes is considerably longer than that measured 
along them. 

If, then, a bar of crystal, not too long, be cut so that its 
cleavage planes are perpendicular to the length of the bar, 
its behaviour, when suspended between the poles of a 
magnet, would be opposite to that of a homogeneous bar of 
the same shape, composed of a substance having the same 
magnetic properties. 

The reason of this is that the magnetic induction parallel 
to the cleavage planes is so much stronger than that per- 
pendicular to them, that the force tending to set the cleavage 
planes equatorial (if the crystal be diamagnetic) is stronger 
than that tending to set the length of the bar equatorial, in 
spite of the longer leverage which it has in that direction. 

The first observations ''on the crystalline polarity of 
bismuth and other bodies '' were made by Faraday. His 
paper on the subject formed the Bakerian Lecture for 
1849, and will be found in the '' Phil. Trans.'' for that 
year.* 

The subject was continued by Professor Tyndall, and his 

* And " Exp. Res.," 2464, vol. iii. p. 83. 
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rariona papers on it are collected in tis " Diamagnettsm and 
Magne-CryataUic Action." 

He made some very interesting experiments on the effects 
of compreBsion — that is, on the effects of producing arti- 
ficially a "line of greatest density" in a particnlar direc- 
tion. Perhaps the best of tbem was made accidentally. Ha 
was experimenting with the great electro-magnet of the 
University of Berlin, the copper helices of which aloLe 
weigh 243 lbs. A cube of biamnth was suspended between 
the poles, and the poles were accidentally brought rather 
too near together; their mutual attraction overcame the 
friction between them and the iron pillars on which thcv 
lay. They rushed together and crushed the bismutli 
between them, compressing it to about three-fourths of its 
former thickness. The poles having been separated andthfl 
bismuth extracted, it was boiled in hydrochloric acid to 
remove any trace of iron it might have acquired from tlie 
poles, and again suspended between them. The line of 
greatest compression at once set equatorial. 

The poles were now purposely allowed to rush together, 
again pressing the bismuth along a line at right angles to 
the former lice of compression. On being again cleaned 
and suspended, tho new line of compression set equatorial 
It was found, by repeating the experiment, that the direc- 
" tion of the magnetic axis could be changed as often m 
desired. 

This experiment was the more remarkable as the bismotli 
had previously a natural crystalline structure, but the dif- 
ference of density in the two directions, produced by tlia 
compression, was so much greater than that due to tbe 
direction of the cleavage planes, that the set was always 
determined by the direction of the artificial compression. 

Professor Tyndall fills several memoirs with experiments to 
confirm and illustrate the law above described. 

A paste made of wax and powdered bismuth is an exci'l- 
lent material from which to make artificial crystals by com- 
pression. They can also be made by compressing bread, il 
great care be taken as to the cleanliness both of the finge^J 
and tools employed. ^H 
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In these experiments it is usually necessary for the expe- 
rimenter to wash his hands about every five minutes. The 
tiands should be washed under a tap, so as to have a con- 
stant change of water, and dried with a '^ glass-cloth/' 
which is not so liable to get dusty as an ordinary towel. 

The following experiment of Professor Tyndall^s on the 
construction of a model to show the effect of cleavage planes 
is of interest. Emery-paper is very strongly paramagnetic. 
Let two bars, each one inch long and half an inch square, 
be constructed of it. One, which we will call No. 1, is made 
by gumming together a sufficient number of strips, each one 
inch by half an inch, to make up the half-inch thickness ; 
the other, which we will call No. 2, by gumming together 
a sufficient number of pieces, each half an inch square, to 
make up the inch length. On being suspended between 
the poles of a magnet. No. 1, which represents a crystal 
with its cleavage planes parallel to its length, sets axial. 
No. 2, however, in which the cleavage planes are perpen- 
dicular to the length, sets equatorial; that is, with its 
cleavage planes, and not its length, axial. It is very 
striking to see the behaviour of No. 2 when the magnet is 
powerful. The attraction of the mass to the nearest pole is 
so powerful that once, when the author was repeating the 
experiment, it broke a stout thread of sewing silk by which 
the bar was suspended, and yet the length is held very 
strongly in the equatorial line, the action being exactly 
that of a homogeneous bar of a strongly diamagnetic sub- 
stance. 

135. Effect of the surrounding medium. It is 

found that the medium in which the substance experimented 
on hangs between the poles affects the result of the experi- 
ment. For instance, a homogeneous bar of a feebly para- 
magnetic substance will point axially in air or a vacuum, but 
will point equatorially if it is immersed in a strong solution 
of proto-sulphate of iron. 

A series of experiments made by Faraday, and afterwards 
continued by Tyndall, have given the obvious and simple 
explanation of the matter. In order that the suspended 
body may take up any position, it has to displace an equal 
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quantity of the surrounding medium from that position ; but 
the magnetic force acts both upon the substance and upon 
the medium. If the action upon the substance is stronger 
than that upon the same quantity of the medium^ the sub- 
stance will take the same position as if it was in a vacaam. 
If^ on the other hand, the magnetic action on the medium 
is greater than that on the substance, the medium will taka' 
the position to which the magnetic force tends to move it, 
and the substance will be displaced and will take the con- 
trary position. 

When this fact was established, it was suggested by Para- 
day that it might be possible to account for all the pheno- 
mena of diamagnetism without assuming the existence of a 
true repulsion, by supposing all space to be filled with a 
medium whose magnetic capacity was less than that of iron, 
but greater than that of bismuth, and that the supposed 
diamagnetic properties of bismuth might be accounted for 
by considering it merely as a feebler paramagnetic than the 
medium. 

Professor Tyndall,* in a letter to Faraday, has pointed out 
that this explanation is not suflScient to account for the 
observed facts, and in particular that conclusions deduced 
from it as to magne-crystallic action are directly at variance 
with the results of experiment. The arguments in favour of 
the existence of true diamagnetic repulsion are unaffected 
by the consideration of the effects of the media-surrounded 
bodies under the action of magnetic forces. 



Questions on CnArTER XX. 

1. Describe and sketch a large electro-magnet with 
torsion apparatus. 

2. What is the difference between diamagnetic and para- 
magnetic bodies ? 

* " Diamagnetism/' p. 213. 
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I. What are approximately the relative strengths of the 

umagnetic action of iron and the diamagnetic action of 

muth? 

k If a ball of bismuth be hung nearly, but not quite, 

ween the pointed poles of a powerful magnet, will it be 

iWn in between them or repelled further from them? 

w would a ball of iron be acted on in the same circum- 

nces? 

). What is meant by diamagnetic polarity ? Describe an 

jeriment for proving its existence. 

). State the law of magne-crystallic action. 

1. Show how artificial crystals can be made. 

J. A thin glass tube filled with a weak solution of sul- 

ite of iron is suspended horizontally between the poles of 

lagnet in a glass trough. It points axially, and behaves 

lerally as a paramagnetic body. What happens on the 

ugh being filled up with a much stronger solution of 

phate of iron 7 Explain the result. 
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, CHAPTER XXL 

THE INDUCTION COIL. 

If a magnet be placed inside a coil of wire and sud 
withdrawn, a momentary current of electricity wi 
produced in the coil, and its electro-motive force wi 
greater the more suddenly the magnet is drawn out. 

If, instead of removing the magnet, we destroy its 
netism, we find, as we might expect, that a current i 
induced in the coil. If, instead of a steel magnet, we i 
electro-magnet, we can, by starting and stopping th" 
rent, make and destroy the magnetism much more sud 
than we can insert and withdraw a steel bar; and so, ( 
destruction of the magnetism, we shall induce a curr 
a surrounding coil having a much greater electro-r 
force than could be produced by the withdrawal of i 
magnet of equal strength. 

136. The induction coil is an instrument in 
advantage is taken of the fact of electro-magnetic indu 
to convert the electricity of the voltaic battery cu 
which has large chemical, heating, and magnetic effect 
of which the greatest difference of pressure betwe< 
different points is comparatively very small, into elecl 
with much less chemical and magnetic power, but of 
the difference of potential at different points in the cir 
enormous. 

In order to obtain some idea of the difference be 
the electric pressures given by a battery through the m 
of a coil and those of the largest batteries directly, w 
note that Messrs. De La Rue, Miiller, and Spottisw* 

* **Proc. Roj.^Soc.'' vol. xxiii. 1875, p. 357. 
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otmJ that witli 1080 chloride of silver cells, it was only 
jOfiBible to obtain a sparkj whose length varied from 3-J^ 
ncli to j^ inch, while even small induction coils give aparka 
jf over an inch with one or two cells — and Mr. Spottis woo da's 
great coil, the largest ever constructed, gives, with fifty 
Bnnsen cells, a spark of 42^ inches. 

The induction coil consists mainly ot an elect ro-magnefc 
placed inside a coil of fine wire and an apparatus for mag- 
netizing, and demagnetizing the electro- magnet as rapidly 
as may be desired. 

The following is the general ontline of its coDstruction. 
A core of soft iron is covered by an insulating material, and 
round it are wound a few layers of stout insulated wire, in 
the form of a helix. This helix is called the prliTiari/ coil. 
Ootside it and well insulated from it by means of a thick 
ebonite tube, is wound a very great length of very fine insu- 
lated wire, forming a great number of layers, each of which 
consists of a great many windings. The fine wire is 
called the secondary coil. 

The core is usually made ofabundle of iron wires, as they 
will demagnetize more quickly than a solid bar. 

The ends of the primary wire are connected to a battery, 
the ends of the secondary to discharging points separated 
by a greater or less interval of air. When the current is 
made or broken in the primary circuit, a certain difference 
of potential is caused by induction along each portion of 
the secondary circuit, each winding being acted on by the 
iron core, and by the portions of the primary circuit near 
to it. 

There are a great number of windings of the secondary, 
8nd a separate difference of potential is produced in each. 
These being all added together produce a very great 
ilifference of potential at the discharging points, which 
liilference is sufficient to break down the resistance of the air 
l«tween the points. 

Fig. 80 represents a coil, by Apps, in the possession of 
tliB author, which gives a spark of seventeen inches in air, 
and has twenty-two miles of secondary wire. 
It is v«ry necessary that contact should be broken as sud- 
u 2 
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denly as possible, in order that tlie differences of potential 
produced at different points of the secondary circuit may all 
act at once in producing a great difference of potential at 
the extremities. 

It is found that, except in very large coils, sparks are only 
produced on breaking tke circuit, and even in very large 
coils the spark produced by closing is much feebler than 
that produced by opening. This may be due to the fact 
tliat the magnetization of the iron core fakes longer to 
riso to its maximum value than to sink from its e ' 



137. The condenser. This is a very important por- 
tion of an induction coil. It consists of a number of sheets 
of tinfoil, separated by mica, gutta-percha, or paraffined 
paper. The Ist, 3rd, 5th, 7tb, fee, sheets are connected to 
one end of the primary wire, the 2ud, 4th, 6th, 8th, &c,, to 
the other end. When the circuit is broken, the extra cur- 
rent, induced in the primary wire by breaking, is in the 
same direction as the primary current, and therefore tends 
to prolong the magnetization of the core. When a con- 
denser is used, the extra current spends itself in charging 
it, The condenser then, instantly discharging itself, sends 
B current in the reverse direction round the core, and at 
once demagnetizes it. The condenser is usually placed in 
lilt' base of the coil. 

138. Contact breakers. — ^The vibrator. Various 
methods are used to make and break the circuit. 

The form of contact breaker which ia universally used for 
small coils is called the vibrator (fig. 81). 

It consists of a piece of iron, which is supported near one 
end of the core by a brass or steel spring, which tends to 
I poll it away from the core, and to force a piece of platinum 
' wldered on to the back of the spring against a platinum 
' pointed stop. The position of the latter can be regulated 
ny a screw. The primary current passes from the stop to 
'be spring. 

A second screw regulates the tightness of the spring. 
TLia tightening screw works in an ivory collar for insula- 
tion, and usually has an ebonite head. 
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When the current passes, the iron core becomea a. n 
and, pulling the spring foi-ward, separates the plst 




points and breaks the current. This, at the e 
destroys the magnetism of the core, and the spring flies 
and completes the circuit, when the process is repeats' 
thus a constant vibration is kept up, the action bein 
that of an electric bell. When the spring is weak, C 
rent is broken at a time when the core has but small \ 
netic strength, and a feeble induction current ia prod^ 
By tightening the spring we may arrange the apparate 
that the current is not broken till the core has ret 
nearly its maximum of magnetization, and so a much strfl 
current of induction is generated. 

Various other breaks for the primary circuit are idl 
but need not be described here. 

139. Mr. Spottiswoode's coil. A descript 
this, the lai-gest coil ever constracted, will be found i 
FhiloBophical Magazine for January, 1J^77. 

It was made by Mr, Appa. The total weight of t 
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is 15 cwt.; its length 4 feet ; its external diameter 20 inches. 
It is supported on two massive pillars at its ends, while a 
central pillar, adjusted by a screw, provides against any 
bendiug that may occur. 

There are two primaries, one of which may be replaced 
by the other by two men in the course of a few minutes. 
The one to be used for long sparks, and for most experi- 
ments, has a core consisting of a bundle of iron wires, 
44 inches long, by 3*56 inches in diameter, and weighing 
67 lbs. 

The copper wire of this primary is 660 yards long, '096 
inch (nearly -j^ inch) in diameter, and has a total resistance of 
2*3 B.A.U., with a conductivity of 93 percent. It contains 
1344 turns, wound in six layers; its weight is 55 lbs., and 
total length 42 inches. The other primary, which is intended 
for a short thick sparks, has a thicker core, weighing 92 
lbs., and the wire is wound in double strands, so as to give 
much less resistance. 

The secondary coil consists of no less than 280 miles of 
wire forming a cylinder 37*5 inches long, and 20 inches 
external diameter. The total resistance is 110200 B.A.U. 
It is wound in four sections. The diameter of the wire used 
for the two central sections being '0095 (nearly j^ inch) 
and those of the external a little thicker. 

Using the smaller primary, this coil gave :— 

With 5 quart cells of Grove a spark of 28 inches. 
With 10 „ „ „ 35 inches. 

With 30 „ „ „ 42| inches. 

A spark of 42^ inches is by far the largest that has been 
obtained by any electrical apparatus whatever. 



Question on Chapter XXI. 

Describe the induction coil and give the theory of its 
action. 
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140, Discharge. Tke phenomena atout to be described 
have, except where the contrary ia stated, been observed 
with a coil capable of giving 17 inches spark. When 
the discbarge is taken between a point and a disc sepa- 
rated to the maximum distance over which a spark will 
pass, and the point is made positive, the discharge consists 
of a zigzag line of bluish white light, and is accompanied 
by two distinct a onnds ; one, a crackling which, when a alow 
working break is used, resolves itself into a separate sharp 
report like that of a small percussion cap at the instant of 
each discharge ; and the other a hissing sound, caused by 
the appreciable time required by the twenty-two miles of 
secondary wire to discharge itself. 

This last effect is more particulavly noticeable when tlie 
points are near. In Mr. Bpottisw code's great coil, wbeu 
the points are placed four or five inches apart, the hissing 
discharge lasts some two seconds or more. When the point 
ia positive, the discharge always takes place near the centre 
of the disc, but seldom twice in exactly the same spot. 
When the current is reversed SO as to make the disc posi- 
tive, then with the same battery power only a much shorter 
spark can be obtained, and it takes place between the point 
and the edges of the disc. I am not aware that the reason 
of this difference is known. 

When the battery power is weakened, or the vibrator 
spring relaxed so that the coil will not give quite its full 
spark, then, if the discharging rods be separated to rathe 
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ft greater distance than that over which the spark can pass, I 
the space between will, if the room be darkened, be ob- 1 
served to glow with a faint blue light, extending for some j 
two or three inches in all directions round the line joining 
the poles. This has been called the brush discharge. 

When the points are put at about the masimnm distance 
over which a spark can pass, the spark and brush discharge 
are frequently observed together. \ 

When the points ai-e brought within some two or three 
inches of each other, the discharge is thicker but nearly 
silent, and is surrounded by a mass of yellow flame of some 
-^ inch to I inch thick. This is caused chiefly by the com- 
bustion of the sodium in the air. It can be blown away by 
a current of air, leaving the spark unaffected. A caudle or 1 
piece of paper can be lighted at it. I 

The discharge from even a very small coil, if taken j 
through the body, produces violent pain and muscular con- 
traction, the patient being usually unable to leave go of 
the electrodes. The discharge of such a coil as the 17-inch 
would probably be fatal j indeed, that of a coil giving a 
J-inch spark is the maximum that could be taken with 
safety. 

If an ordinary looking-glass, about 15 inches by 10 
inches, be set with its back against the disc of a 17-inch 
coil, and the point be put near the middle of the glass 
face, a very beautiful efl'ect is observed. The discharge 
appears to strike the g!ass, and breaks in a kind of spray 
of fire, streaming in every direction to the edges, whence it 
is conducted by the mercury and wooden back, to the diac. I 

By placing the points of the secondary at opposite sides J 
of pieces of plate-gJass, and surrounding the terminals with J 
cement, considerable thickness of plate-glass can be per- 1 
forated. With the great Polytechnic coil, live inches of I 
glass were perforated. I 

141. Secondary condenser. If wires be led from^dd 

secondary terminals to the opposite coatings of a l^sdjHH 
jar, or other condenser, the character of the discharCQB 
changed. The discharges are not quite so frequent, Etotl^iH 
jar has to be charged between each spark, but the sparKfr^ 
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of a dazzling white, and instead o! the usual smart crackle 
of the impinging sparks, a series of deafening reports are 
heard. If a alow working break ia used, so that there is 
an interval between each discharge, the metal disc is heard 
to ring after each spark, as if it had been struck by a 
hammer. 

The difference between an ordinary discharge and a dis- 
charge with a secondary condenser, may be illustrated by thi^ 
following water experiment. Let water run out through a 
tap iu a series of drops, following very closely after entb 
other J each makes a little splash as it falls ; this mii} 
represent the ordinary discharge. 

Now place under the tap a little bucket, so pivotted tb;i^ 
it will tip over when full, and then right itself. The stream 
will be interrupted while the bucket is filhng, and then 
there will be a large splash when it turns over; and instead 
of a large number of small splashes occurring in each minute, 
there will be a small number of large ones. This represents 
the discharge with the condenser. 

We note that the same quantity of water or of electricity 
is used in the respective experiments with or without the 
bucket or condenser. 

When a spark ia taken between a point and a polished 
plated disc, each discharge causes a minute dot on the | 
bright surface, which cannot be rubbed off. It is due to the I 
volatilization and burning of a small portion of the silver. I 

The noise caused by a ^-gallon jar, with a 17-inch coil, ■ 
ia sufficient to make it necessary to shout in order toljL' 
heard. 

At the same time, as the strength of the spark ia increaseti. 
the length is decreased. With a large jar in my possession, 
which contains eleven gallons, and has 1\ square feet of I 
coated surface, the maximum spark which the 17-inch coil ' 
will give is something under 1 iuch. With small jars, tba | 
length of the spark ia limited by the size of the uncoalcJ 
portions of the jars, as when the points are separated liy 
more than a certain distance the apark springs round tL' 
glass. With a ^-gallon jar of the shape usually sold, abou; . 
5 inches spark can be obtained. | 
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The jar discharge will perforate paper, but not ignite it. 

142. Induction coil and magneto-electric or " dy- 
namo " machine. In November, 1879, Mr. Spottiswoode* 
published an account of some experiments, in which a 20- 
inch coil was excited by means of the current produced by 
De Meriten'a magneto machine, worked by a 3 J horse-power 
gas-engine. This machine gives alternate currents whose 
direction is reversed about 16 x 1300 = 20,800 times per 
minute, and therefore no contact bre-aker or primary 
condenser are required. 

This method of working gives secondary currents having 
great " quantity." 

With a 20-inch coil Ite spark is about 7 inches long, and 
has the " full thickness of an ordinary cedar pencil." The 
discbarge is extremely regular, and can be used for apectro- 
Bcopic purposes without a secondary condenser. 

143. Discharge in rarefied air. When the discharge 

either of a coil or electrical machine is passed through a tube, 
or other vessel connected to an air-purap, it is found that aa 
the pressure diminishes, the length of spark which can be 
obtained increases. A great many experiments have been 
made to determine the exact law according to which the 
apark-length increases as the pressure diminishes. 

In the experiments made by M. Masson, the spark 
passed either between two balls in the air, or between two 
aimilar balls inside a globe iu which a more or less complete 
vacuum could be produced. The distances between the 
balls could be varied, aa well as the pressures. Within the 
limits of his experiments, M. Masson found that the length 
of spark was inversely proportional to the pressure. The 
greatest length of spark which he used was 11"1 millims. 

144. Gordon's experiments. At the Dublin Meeting 
of tho British Association the present writer gave an ac- 
count of some recent experiments which he baa made on 

* With the great coil inado by Mr. Appa for tlie Pulyteclmio InBti- 

tutinn, wliich navH 29 iocliea spark, a sbouk whs admiDletered to a rabbit 

withoQt causing death. It is probable, however, aa the rabbit was muah 

* ■' "9 inches loag, that the greater part of the discharge passed 

through the sir and not through nis body. 
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die Bobject. Id them an attempt has been made to deter^ 
mitie the mtio of the spark-leagth to the pressure for dis- 
tances ranging from 6 inches to 30 inches by means of a 
and the same apparatus. The experiments differ from s 
former experiments with which the author is acquainted, 
the fact that an indaction coil was used as the source 
■retectricity instead of an electric machine. 

■ The coil was the 17-inch coil already mentioned. 
I It was worked by 10 quart cells of Grove's battery a 
Enuged in series. It was provided with a vibrator aud n' 

■ a clock contact-breaker, either of which could be used. 
I The Air-Pump was of the ordinary Tail's construction. 
f The Dieeharging Tubes. — These consisted of two cyli 

drical glass tubes aboat -t feet long and nearly 3 inch 

diameter. At one end of each was a tap, the brass pi 

from which ended in a ball which formed one of the 6 

charging terminals. Holes in the side of the brass pi 

L'adbiitted the air from the tap to the tube. At the other e 

I of each tube was a stuffing-box, in which a brass rod ali 

I at the end of the brass rod was a point which could eitl 

I be placed in contact with the ball or withdrawn some 3 

I from it. The end of the rod was kept always in the axia 

I the tube by means of three little glass arms, which w 

■ inserted into an ebonite collar fixed on the discharging i 
I a little behind the point. The two tubes were supported 
I a horizontal positiou, parallel to each other and about 
I inches apart, on four ebonite legs about 18 inches hi] 
I The tubes were joined to the air-pump by meatis of the pi 
I and taps shown in fig. 82, which were so arranged that 
I tubes could be quickly connected to each other, to I 
I external air, to a gas-holder, or to the pump. Between I 
t tubes and the pump the metal pipe was cut, and a ^ 
I glasB tubing about 18 inches long, well varnished with shelt 
f was inserted, so that the electricity might not pass to e 

through the pump. 

When the tubes were shut off from the pump^ 
could alwaya be let into the glass pipe to prevent 1 
discharge passing to earth inside it, as it would 
at low pressures. The distance between the point t 
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ball in each tnbe was measured as follows : — They were 
placed in contactj and an ink-mark was made on the 




discharging rod just ontside the collar o£ the stuffing- 
box. When the rod was slid out, the distance of this mark 
from the collar was equal to the distance between the point 
ind ball. The pressure was given by a U-gange, about 
4 feet high, attached to the air-pump at one end, open to the 
air at the other. 
The pressure P was given by the formula — 

P= Jheight of barometer} - 



Before being admitted into the tubes, the air was dried 
by being drawn through sulphuric acid. Wben it was 
desired that the pressure of the air in the tube should equal 
that of the external atmosphere, air bubbled through the 
acid as long aa the difference of pressure inside and ontside 
the tnbe exceeded that of the inch of acid which had to be 
displaced, and then the tap was opened direct to the outside 
air. The external diameters of the tubes were about 2"94 
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Bnd 2'76 incbes respectivelj, and the diameters of the balls , 
■94 and "92 inch. | 

In the experiments, one of the tubes (A) was left open 
to the atmosphere, and its discharging point placed at s 
standard distance either 6, 8, or 10 inches from the ball , 
and the other tube (B) being nearly exhausted, experimeni- 
were commenced at the low preasare, and then a little ai. 

I was let in between each observation. The tubes were sn 
connected to the coil that the discharge would pass in whitl;- 
ever tube offered leaat reaiatance. The discharging distant'ir 
in B was then varied and adjusted to the shortest distance, 
which cansed the whole discharge to pass in A. This dis- 
tance having been noted, the pointa in B were brought 
nearer together till they reached the longest distance at wliicb 
the whole discharge passed in B * The mean of these U-- 
distances was taken as the distance which, at the pres^^iir' 
then being worked with, interposed in B a "resistancs ' 

I equal to that of the standard length in A of air at the pm- 

I sure of the atmosphere. 

Let us call this mean, " mean B spark." Now, if the law 
that the spark-length is inveraely proportional to the p 

I sure holds, we should have for the same series of exj 

I ments — 

' {mean B spark) Ipresaare in B} ^ const. ; 

and to compare different sets made with different diatancei 
; in A and with the barometer at different heights, we should 
L have — 

I {mean B spflrk} {pressure in B} . J 

I laigUtuue III A} |bi:iglit ot Ituromeurj I 

I If the two tubes and the discharging points were precisq 

I alike, this constant would be unity. Any slight differelH 

I in the shape of the points and balls would cause it to dill 

from unity, but would not affect its constancy. ■ 

146. Results. (1) From an air preaanre of aboin 

* The fact that the discharge only divided itselfbelween the twoqH 

nhen tbe " resistaiiceB " were almost equal, confirms Hr. De Ia ]fl 

I di«oavery (see my "Electricity," vol. ii. page 1S2) that disraptirfH 

L ohargei do not obey Obm'i law. H 
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) prU'J 
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inclies up to that of the atmosphere the spark -length for the 
same electric pressure is approximately inversely proportional 
to the air pressure. 

(2) No law can be said to be more than approximately 
true ; for when the density has almost reached the dis- 
charging limit, any slight accidental circumstance, such aa 
the presence of a grain of dust, a, little burning of the point 
by the last discharge, &c., will cause the discharge to take 
place. Professor Clerk Maxwell has compared this experi- 
ment to the splitting of a piece of wood by a wedge. It is 
possible to determine the average pressure on the wedge 
which will split the wood ; but in any particular experiment 
it is impossible to say that the wood will split exactly at 
that pressure. 

(3) When the pressure is diminished below 11 inches, we 
find that the spark produced by a given electro- motive force 
is much shorter than is required by the above law, or that 
the electric pressure required to produce a spark of given 
length is at low pressures greater than that required by the 
law. 

Also that at a constant air pressure greater electric 
pressure per unit lengtli of air is required to produce a spark 
at short distances than at long ones ; or, if we adopt 
Faraday's view that the tension exists in every part of the 
liir.they show that air in a thin stratum has greater strength 
tiau when it is in a tliick one. 

In fact, we may say that greater electric pressure per unit 
fjnantity of air is required to produce a spark with few air 
particles between the poles thau with many. 

We shall discuss some possible reasons for this in a later 
portion of this book. 

146. Discharge in different gases. Ou May 17, 
1877, Messrs. De La Rue and Miiller stated that the length 
of spark given by a battery at ordiuary atmospheric pressures 
in the following gases is the longest in the order in which 
they are enumerated — hydrogen, nitrogen, air, oxygen, 
carbonic acid — it being nearly twice aa long in hydrogen as 
in air. 

The spark does not appear to be dependent on the specific 



^^ 



176 



School Electricity. 



gravity of the gas, but may have aome relation to 
viscosity. 

147. Vacuum tubes. When the pressure of the air I 
less than about 15 inches of mercury, the appearance of b 
discharge changes considerably. The whole gas within t 
tube glows, and if the light be eKamined with a spectuj 
scope, it will be seen to give the characteristic spectrt 
the gas. 

When the exhaustion is continued by a mercury pud 
till the pressure ia only a very small fraction of a millimet^ 
the whole tube is filled with a bright light, of which t 
colour variea with the nature of the residual gaa in ■' 
tube. ^^ 

If any fluorescent substances are placed in the tube or 
surrounding it — if, for instance, a portion of the tube pasaea 
through a solution of sulphate of quinine, or part of the 
glass be coloured with uranium, they will glow with thai 
characteristic colours when illuminated by the electric d" 
charge. 

lu these "vacuum tubes," as they are called, the ) 
trodea usually constat of platinum or aluminium wii 
through the glass, which is then fused round them 

Platinum is particularly suitable for this purpose, becal 
ita expansion rate is about the same as that of glaas, ana, 
therefore, it does not crack out of the glass on cooling. A 
little opening being left at one side of the tube, the glaBti4ifl 
drawn off into a capillary tube and attached to a Spr6&|^H 
air-pump. ^^H 

When the eshaustion has been carried as far as reqiii^^H 
the capillary tube is heated in a blowpipe flame till it aofte^H 
when it ia drawn off aud so closed, a process which is aaainaH 
by the pressure of the external air. T 

148. Effect of magnets. It ia found that thodiacharge j 
in rarefied gas is attracted and repelled by a magnet in ttoa 
same way as a wire carrying a current aubjecb only to ^^| 
differences caused by the fact that the wire is rigid ^^f 
the discharge flexible. ^H 

149. StriSB. It is observed that when the vacuum tabeJH 
made somewhat uairow, as, for instance, when it is of tS^| 




of light is not contiiiaous, bnt is separated into a number of 
discs of light. 

Under certain circumatancea these diacs are aUo observed 
in larger tubes. They are called " atrije " or stratifications. 
Their cause is not yet fully understood. A great deal has 
been done towards investigating them, and a, summary of 
the present state of our knowledge of the subject will be 
found in my "Electricity." Figs. 84, 85,show someof them. 




Nothing more beautiful of its kind can be imagined tli 
the appearance of these masses of soft light hovering self- 
supported in the dark tube, sometimes at rest, and sometimes 
chasing each other from one end of the tube to the othf 
each as it comes to one terminal disapparing, while a new 
one appears at the other terminal. 
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Questions on Chapter XXII. 

1. Describe the discbarge of a large induction coil. 

2. Wbat is tbe eflTect of using a secondary condenser ? 

3. What difference is there in the discharge when it 
occurs in rarefied air ? 

4. What eflTect in the length of tbe discharge is produced 
as the pressure of the air is diminished ? 

5. What is a vacuum tube ? 

6. What are stri89 ? 
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150. IVe liave now advanced sufficiently in our study of 
electrical science to be able to compreliend some electrical 
, illustrations of the theory of matter, which we shall presently 
I consider ; and we need no apology for digressing from the 
study of electricity proper to the geaeral theory of matter, 
for it is only by its bearing on the general theory of the 
uonstitution of the universe, and the laws by which the latter 
is ruled, that any particular branch of study, such as elec- 
tricity, can be said to have a theoretical and scientific interest 
Hs distinguished from that due to its practical and commercial 
importance. 

Matter is ordinai-ily known to us in three forma — solid, 
liquidj and gasoons. 

According to the theories now generally accepted, all 
luitter consists of " molecules," or very small particles 
packed in various stages of closeness. When the molecules 
"ic packed very tight, so that they cannot move past each 
'^tlior, or change their relative positions, the matter is said 
lo be solid. When they are less closely packed, bo that they 
can move past each other, but yet are closely linked by their 
mutual attraction, the matter is said to be liquid; and when 
tliey are still less closely packed, so that they do not greatly 
attract each other, but can move about independently, the 
toatter is said to be gaseous. In the ordinary gaseous con- 
dition the molecules running about in their independent 
courses are constantly colliding with and rebounding from 
each other. 

N 2 
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Matter in its three states may be represented by a crowd 
of people in various conditions. First, solid matter may le 
represented by a dense crowd bo tightly packed, ttat, 
although each person can pant and breathe independently, ' 
or even turn partly round, and although the whole crowd 
can Bway backwards and forwards, yet no one person can ' 
move from one part of the crowd to the other, or change bi- 
position with regard to other persons in it. 

The liquid state may be^ re presented by a much less den- 
crowd, where every one wishes to move about but is boumi _ 
by a rule to always have at least one hand joined to a hand i 
of some other person ; in fact, where every one is dancing a j 
sort of " grand chain." Any person (or molecule) can then f 
circulate through the room, but ia never independent of tL^ * 
pull of his neighbour's hand. 

The gaseous state may be represented by considering ib. 
number of persons in the crowd to be still further reduci- 
and to be bhndfolded, and to keep their hands in tli'-' 
pockets and compelled to run violently about, colliding wii! 
each other and with the walls of the room. We see in tli: 
case that if the room is large and the number of persor.- 
great, so that the law of averages may hold, the number ■: 
persons who run against each square yard of wall per minui' 
is constant, or that the pressure on the walls of the room i; 
constant. i 

We notice that there is no hard-and-fast line of demarca- ) 
tion between these three states, but they fade gradually one 'i 
into the other as the density of the crowd varies, and tin- 
is the case with the changes of matter from one state :- 
another as the density of the molecules varies. 

For instance, every one has seen a candle on a warm i!;^; 
bend over by its own weight. Although the wax nevr: 
becomes liquid, its molecules obtain sufficient mobili-' 
from the rise of temperature to move slowly over each iA\--'- 
under the influence of gravitation in the whole mass. Tl^ 
motion of glaciers is another instance of this mobihtj ■ 
viscid solids.* 

151. The size of molecules can be approximate:; 
^ See TyndaU't'TormB of Water." 
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measured by eiperimenta on the coloui'S of tke thin films of 
Boap-bubbles, which films are of a thickness comparable with 
the length of the light waves, and cause .new colours by 
assisting or retarding the motion of part of the light by 
less than one wave length. 

We cannot in this book go into details of experiments, 
We must bo content with stating the results arrived at. For 
details the student is referred to " The New Cfaemiatrj," * 
by Professor J. P. Cooke, of Harvard, of which we may here 
Bay that it combines the interest of a romance with the 
logical accuracy of a scientific treatise. 

The results which have been obtained are that the size of 
B molecule of water is between j ^/iwaa ^""^ tixM,ow.toj of an 
inch. 

To get some idea of the degree of " coarse -grainedness," 
IS we may call it, that these figures represent, we may add 
bhat if we consider a drop of water the size of a pea magni- 
fied to the size of the earth, each molecule being magnified 
"to the same extent, then the magnified structure would be 
coarser grained than a heap of small shot, and less coarse 
gi-ained than a heap of cricket-balls. 

152. Radiant matter. In onr illustration of the gaseous 
Btate we have considered the crowd although thin enough to 
allow each person to move about independently, yet so thick 
that each person in crossing the room will collide with a 
great many others before he reaches the other side, and as 
at each collision we suppose his direction of motion to be 
changed by the rebound, the chances are much against any 
particular person who starts in a given direction arriving at 
the other side o£ the room in that direction. 

If, however, we still further reduce the number of persons 
in the room, we shall reach a state where, although there will 
Blill be collision, yet the majority of the persona will arrive 
at the other side of the room in the same direction as that in 
which they started, and if we suppose an intelligent man 
irith bis eyes not blinded to start a number of persons at 
Once in the same direction, say all towards a certain door at 
the other side of the room, the majority will arrive there, 
* iDteruational ScientiGc Series. Kegan Faal nod Co, 
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and may perhaps bnrst open tlie door by their rusL No' 
greater force is used than in the case of the denser (gaseous) 
crowd, bnt the smaller number of collisions enables the msh 
to be directed, and a grea'er bombarding force to be con- 
centrated on a particular spot. 

163. Crookes' experiments. Professor Crookea bg 
realized this condition with matter. By ineatui of improwi 
air-pumps he has been able to bo reduce the qaantity of gu 
in a globe that tbe/ree jiaih,, as he calls it, of each molecnle 
is great in comparison with the number of collisions it ntidet- 
goes in crossing the vacuum, and by means of eleotiii^ lis 
has been able to impel these molecules in definite direniioiu, 
and produce definite " bombardment " effects. 

To produce these effects he reduces the quantity of air or 
gas in his globe to about one-millionth of what it would be 
at ordinary pressures, the quantity in vacuum tube, which 
produces the effects of ordinary discharge described in the 
last chapter (148)) being about ^^^ of that at ordimuj 
pressures. To matter in this highly attenuated state Mr, 
Croobes g^ves the name of radiant tnaiter. 

We will now proceed to describe some of Mr. Crookes' 
experiments. 

In these experiments vacuum tubes are prepared similar 
to those we have already mentioned, but, as we haveesiii,, 
very highly exhausted. For gas in an ordinary vacuum tub* 
the mean ft'eepath of each molecule, that is the average disj 
tance it travels without collision, is about sju inch ; botHj 
Mr, Crookes' tubes the mean free path is increased to aboil 
one inch, 

"When the current of an induction coil is sent througli i^' 
tube, the molecules are shot off from the negative pole " 
straight lines, and the majority of them cross the tube i' 
straight lines and strihe whatever is opposite to the negnii'^ 
pole, like the bullets of a machine-gun. This bombardm- 
produces effects which we shall now consider. j 

154, Eadiant matter exerts powerful phosphom-j 
genio action where it strikes. The first and one ofil»j 
most noteworthy properties of radiant matter discharpil 
from the negative pole is its power of exciting phosphors- 
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mce when it strikes against solid matter. The number of 1 
jdies which respond luminously to this molecular bombard- I 
Bnt is very great, and the resulting colours are of every 1 
kriety. Glass, for instance, is highly phosphorescent when 1 
cposed to a stream of radiant matter. Fig. 86 represents 1 
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Fig. sa. 

hree bnlbs composed of different glass : one is nranium 
lass (([}, which phosphoresces of a dark green colonr; 
lother is English glass (b), whiclt phosphoresces of a bine 
lonr ; and the third (e) ia soft German glass— of which 
ost of the apparatus naed in the lecture was made — and 
tosphoresces of a brighfe apple-green. 
Many other substances are also phosphorescent nndor the 
finence of radiant matter. 

When luminous sulphide of calcium, prepared according 
Mr. Ed. Becquerel'a description, is exposed even to caudle- 
jht, it phosphoresces for hours with a bluish white culour. 
is, however, much more strongly phosphorescent under 
B influence of the luminous discharge in a ffood vacuum. 
The rare mineral Phenakite {aluminate of gtucinum) plios- 
lOresces blue; the mineral Spodumene {a silicate of 
ominium and lithium) phosphoresces a rich golden yellow; 
e emerald gives out a crimson light. But Mr. Crookes 
ids that, without exception, the diamond is the most sen- 
ive Bubstance he has yefc met for ready and brilliant 
1 phosphorescence. A very curious fluorescent diamond was 
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exhibited in the lecture, green by daylight, coloarless by 
candle-light. It is mounted in the centre of an' exhausted 
bulb (fig. 87), and the molecular discharge was directed on 




it from below upwards. On darkening the room, the 
I diamond was seen to shine with as much light as a candlej 
I phosphorescing of a bright green. 

1 Hext to the diamond the ruby is one of the most remark- 
\ able stones for phosphorescing. A tube shown in fig. 88 
I contained a fine collection of ruby pebbles. As soon 
I as the induction spark was turned on, the rubies were 
I seen to shine with a brilliant rich red tone, as if they 
I were glowing hot. It scarcely matters what colour the ruby 
\ is, to begin with. In the tube of natural rubies there were 
I Btonea of all colours — the deep red and also the pale pink 
rnby. There were some SO pale as to be almost colourlesB, 
and some of the highly-prized tint of pigeon's blood ; but 
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er the impact of radiant matter they all phoaphoreace3 
1 about the same colour. 




Tow the ruby is nothing but crystallized alumina with a 
B colouring matter. lu another tube waa some precipi- 
id alumina prepared in the moat careful manner. It had 
u heated to whiteneas, and under the molecular d 
lowed with the aame rich red coloi 



'ig. 89 represents a tube made to illuatrate the depend- 




e of the phosphorescence of the glaas on the degree of 
austion. The two polea are at a and h, and at the end 
is a small supplementary tube connected with the other 
a narrow aperturOj and containing solid caustic potash. 
) tube had been exhansted to a very high point, and the 
ish heated so as to drive off moisture and injure the 
aom. Exhaustion had then been recommeuced, and the 
late heating and exhaustion repeated until the tube had 
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been brought to tlie state in which it was eshibiteil. Wh^H 
the induction spark was first turned on, nothing was viaild^| 
— the vacuum was ao high that the tube was non-conductin^H 
The potash was then warmed slightly, so as to liberate ^H 
trace of aqueous vapour. Instantly conduction commence^H 
and the green phosphorescence flashed out along the lengt^H 
of the tube. The heat was continued so as to drive oS mDtf^| 
gas from the potaah. The green got fainter, and then^B 
wave of cloudy luminosity swept over the tube, and strati^H 
cations appeared, which rapidly got narrower, until the spai^f 
passed along the tube in the form of a narrow purple lia^| 
The lamp was taken away, and the potash allowed to coolfl 
as it cooled, the aqueous vapour, which the heat had driv^H 
off, was reabsorbed. The purple line broadened out, an^" 
broke up into fine stratifications; these got wider, and 
travelled towards the potash tube. Then a wave of gi'een 
light appeared on the glass at the other end, sweeping on 
and driving the lust pale stratification into the potash ; and, 
lastly, the tube glowed over its whole length with the green 
phosphorescence. If the tube is left to itself for some time, 
the green grows fainter and the vacuum becomes non- 
conducting, 
155, Radiant matter proceeds in straight lines. 

The radiant matter, whose impact on the glass causes an 
evolution of light, absolutely refuses to turn a corner. Pig, 
90 represents a V-shaped tube, a pole being at each ex- 
tremity. The polo at the right side (a) being negative, the 
whole of the right arm was flooded with green light, but at j 
the bottom it stopped sharply and would not turn the corne 
to get into the left side. When the current was i 
and the left pole made negative, the green changed to t 
left side, always following the negative pole, and leaving tl 
positive aide with scarcely any luminosity. 

To produce the ordinary phenomena exhibited by vacuM 
tubes, it is customary, in order to bring out the strikiq 
contrasts of colour, to bend the tubes into very elaboratf 
designs. The luminosity caused by the phosphorescence <j 
the residual gas follows all the convolutions into which akn 
fol glass-blowers can manage to twist the gla^. The nega 
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feve pole being at one end and the positive pole at the other, I 
"eluminoua phenomena seem to depend more on the positive I 




than on the negative at the ordiuary exhaustion hitherto 
used to get the heat phenomena of vacuum tubes, Bat at a 
very high exhaustion the phenomena noticed in ordinary 
vacuum tabes, when the induction epai'k passes through 
them — an appearance of cloudy luminosity and of stratifica- 
tions — disappear entirely. No cloud or fog whatever is seen 
in the body of the tnbe, and with such a vacuum as is nsed 
' 1 these experiments, the ouly light observed is that from. 
3 phosphorescent surface of the glass. Fig. 91 representa 
I buiba, alike in shape and position of poles, the only 
ce being that one is at an exhaustion equal to a fc 
illimetres of mercury— such a moderate exhaustion as will 
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fgive the ordinary lami'nous phenomena — whilat the other i 
Iflxhausted to about the raiUionth of an atmosphere. Firsj 



u 





I, the moderately exhausted bulb (A) was connected with t 
[ induction coil, and the pole at one side (u) being retainof 
[■ always negative, the positive wire was put Buccessively i 
the other poles with which the bulb ia furnished. It w " 
I Been that as the position of the positive pole was change 
^ the line of violet light joining the two poles changed, i 
I electric current always choosing the shortest path betwee 
I the two poles, and moving about the bulb as the positional 
l_the wires was altered. 

k This, then, is the kind of phenomenon we get in ordina 
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exbauattons. The Bame experiment was then tried with a I 
bulb (B) that was very highly exhausted, and, as before, the I 
side pole (a) was made the negative, the top pole (t) being I 
positive. The appearance seen was very widely different J 
from that shown by the last bulb. The negative pole was ia | 
the form of a shallow cup. The molecular raya from the cup J 
crossed in the centre of the bulb, and, thence diverging, fell on I 
the opposite side and produced a circular patch of greea I 
phosph orescent light. The positive wire was removed from I 
the top and connected first to the aide pole (e), then to the I 
bottom pole {A) ; but the green patch remained where it was J 
at first, unchanged in position or intensity. I 

We have here another property oF radiant matter. Inthe-l 
low vacnara, the position of the positive pole is of every im- \ 
portance, whilst in a high vacuum 
the position of the positive pole 
scarcely matters at all ; the pheno- 
mena seem to depend entirely on 
the negative pole. If the negative 
pole points in the direction of the 
positive.all very well; but, if the 
negative pole is entirely in the 
opposite direction, it is of little 
consequence : the radiant matter 
darts all the same in a straight 
line from the negative, 

If, instead of a flat disc, a 
hemi-cy Under is used for the 
negative pole, the matter still 
radiates normal to its surface. 
The tube represented in fig. 92 
illustrates this property. It con- 
tains, as a negative pole, a hemi- 
eylinder («} of polished alumi- 
nium. This is connected with a 
fine copper wire, h, ending at the 
platinum terminal, c. At the | 
—opper end of the tube is anoti 

srminal, il. The induction-coil rii. bs, 
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E IB connGcted so that ths hem i- cylinder is negative and the 

I upper pole positire, and, when exhausted to a sufficient 

I extent, the projection of the molecular rays to a focua is 

very beautifully shown. The rays of matter, being driveu 

from the hemi-cylinder in a direction normal to its surface, 

come to a focus and then diverge, tracing their path in 

. brilliant green phosphorescence on the surface of the glass. 

I Another tube was shown, in which the focus of molecular 

■ rays was received on a phosphorescent screen instead of on 

■ the glass. The effect produced was most brilliant, and 
I lighted up the whole table, 

1 156. Radiant matter, when intercepted by 
\ solid matter, casts a shadow. Badiant matter comes 
rfrom the pule in straight lines, and does not merely permeate 
f all parts of the tube aud fill it with light, as would be the 
I caae were the exhaustion le^sgood. Wliere there is nothing 
I in the way, the rays strike the screen and produce phos- 

■ phorescence; and where solid matter intervenes, they are 
I obstructed by it, and a shadow is thrown on the screen. In 
I the pear-shaped bulb (fig. 93) the negative pole [a) ia "i 




[ the pointed end. In the middle is a cross (6} cut out of 

I sheet aluminium, ao that the rays from the negative pole 

I projected along the tube will be partly intercepted by the 

aluminium cross, and will project an image "f it on the 
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nispherical end of the tube whicli is phosphorescent, 
len the coil was tiii-nud on, the black shadow of the cross 
3 clearly seen on the luminous end of the bulb {c, d). 
w, the radiant matter from the negative pole has been 
ising by the side of the aluminium cross to produce the 
idow 3 the glass has been hammered and bombarded till 
s appreciably warm, and at the same time another effect 
I been produced on the glass — its seuaibility has been 
idened. The glass has got tired, if the expression may 
used, by the enforced phosphorescence, A change has 
in produced by this molecular bombardment which will 
iveot the glass from responding easily to additional 
jitement ; but the part that the shadow has fallen on is 
: tired — it has not been phosphorescing at all, and is per- 
t;ly fresh ; thereforOj on the cross being thrown down* so 
to allow the rays from the negative pole to fall nniuter- 
itedly on to the end of the bulb, the black cross (c, d, fig. 
was seen suddenly to change to a luminous one (0, /) 



* © 



ause the background was now only capable of faintly 
igphorescing, whilst the part which had the black shadow 
it retained its full phosphorescent power. The stencilled 
ige of the laminoua cross soon dies out. After a period 
■est the glass partly recovers its power of phosphorescing, 
it is never so good as it was at first, 
lere, therefore, is another important property of radiant 
iter. It is projected with great velocity from the 

TbiB coald be done b; giving the apparatuE a sliglit jerk, the ( 
ing be«D CDDBtniDtBd with a binge. 
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negative pole, and not only strikes the glass in sncli a waj 1 
as to canse it to vibrate and become temporarily Ini 
while the discharge ia going on, but the molecnlea hammer J 
away with eufEcient energy to produce a permanent i 
pression upon the glass. 

157. Badiant matter exerts strong mechaniea 
action where it strikes. We have seen, from t" 

sharpness of the molecular shadows, that radiant matb 
is arrested by solid matter placed in its path. If this a " 
body is easily moved, the impact of the molecules t 
reveal itself in strong mechanical action. Pig. 95 represents \ 







an ingenious piece o£ apparatns, consisting of a highly- i 
exhausted glass tube, having a little glass railway running J 
along it from one end to the other. The axle of s I 
small wheel revolves on the rails, the spokes of the wheel j 
carrying wide mica paddles. At each end of the tube, and 
rather above the centre, is an aluminium pole, ao thai, 
whichever pole is made negative, the stream of radiaoi 
matter darts from it along the tube, and, striking the upper 
vanes of the little paddle-wheel, causes it to turn round and | 
travel along the railway. By reversing the poles the whed -J 
can be arrested and sent the reverse way ; and if the tube he I 
gently inclined, the force of impact is observed to be sufficient I 
even to drive the wheel up-hill. | 

This experiment therefore shows that the molecnlsr I 
stream from the negative pole is able to move any ligbt I 
object in front of it. 
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tinokcales being driven violently from the pole, there 
ibe a recoil of the pole from the molecules, and hy- 
ing an apparatus so as to have the negative pole 
le and the body receiving the impact of the radiant 
■ fixed, this recoil. can be rendered sensible. Fig. 96 
ents an apparatus whose appearance 
unlike an ordinary radiometer, with 
lium discs for vanes, each disc coated 
Q side with a film of mica. The 
supported by a hard steel instead 
iss cup, and the needle-point on 
it works is connected by means of 
) with a platinum terminal sealed I 
le glass. At the top of the radio- 
bulb a second terminal is sealed in. 
■adiomefcer therefore can be con- 
t with an induction coil, the movable 
ng made the negative pole. 

these mechanical effects the exhaus- 
.eed not be so high as when phos- 
icence is produced. The beat pres- ' 
for this electrical radiometer is a 
leyond that at which the dark space 

the negative pole extends to tlio 
jf the glass bulb. When the pres- ' 
a only a few millims. of mercury, 
ssing the induction current a halo ^ 

vety violet light forma on the metallic e 

the mica side remaining dark. As the pressure 
shea, a dark space is seen to separate the violet halo 
he metal. At a pressure of half a millim, this dark 
extends to the glass, and rotation commences. On 
uing the exhaustion the dark space further widens out 
ppears to flatten itself against, the glass when the 
■n becomes very rapid. 

. 97 represents another piece of apparatus which 
ites the mechanical force of the radiant matter from 
tgative pole. A stem {a) carries a needle-point in 
revolves a light mica fly (6 h). The fly consists of 




i of the 
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thin clear mica, snpported on ligitn 
aluminium arms, and in the centre I 
is a Bmall glass cap which rests 
on the needle-point. The vanes 
are inclined at an angle of 45'' t'' 
the horizontal plane. Below tin. 
0y is a ring of fine platinum wiiL' 
(c c), the ends of which pa;- 
1 through the glass at d d. Au 
I aluminium terminal (e) is sealfd 
' ia at the top of tho tube, ami 
the whole ia exhatiated to a ver. 
high point. Wires from tho iu 
duction coil were attached, bo tlmi 
the platinum ring waa made t]j' 
negative pole, the aluminium win 
(e) being positive. InstacUj', , 
owing to the projection of radia ' 
matter from the platinum ring,ti 
vane a rotated with extreniAtf 
locitf , Thoa far the appi 
shown nothing more than ^ 
^'B "'■ vious experiments had ] 

us to expect ; but another phenomenon was then e 
, The induction coil was disconnected altogether, and $ 
ends of the platiuum wire connected with a small' ( 
battery ; this made tho ring c c red-hot, and nil 
inSuence it was seen that the vanes spun aa fast < 
did when the induction coil waa at wort. 

Here, then, ia another most important fact, 
matter in these high vacna is not only excited bj 1 
negative pole of an induction-coil, but a hot wire will set i| 
in motion with force sufficient to drive round the alopiH 
vanea. 

158. Radiant matter is deflected by a ma^ 
We now pass to another property of radiant ma^lCt 
Fig. fl8 shows a long glass tube, very highly 
hansted ; it has a negative pole at one end (a) and a tofl 
phosphorescent screen (S, c) down the centre of the tubs 
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1 front of the negative pole is a plate of mica (t, <() with a 




snd when thts current was turned on, a line of 
I light {p,f) was projected along the whole 
jDgth of tho tube. A powerful horao-shoe magnet was now 
laced beneath the tube, and the line of light (e, g) became 
orved under tho magnetic influence, waving about like a 
lexible wand as the magnet was moved to and fro. 

This action of the magnet is very curious, and, if carefully 
ollowed up, will elucidate other properties of radiant matter. 
•"ig. 99 represents a tube exactly similar, bub having at 




me end a small potash tube, which, if heated, will slightly 
Djure the vacuum. When the induction current is turned 
m, the ray of radiant matter is seen tracing its trajectory 
n a curved lino along the screen, under the influence of the 
>orse-sho8 magnet beneath, Let ns observe the shape of 
.lie curve. The molecules shot from tho negative pole may 
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bo likoiie*! to a di??cliarsre of iron ballets from a mitraillease. 
and tho mairnet beneath will represent the earth cnrvingtlie 
trajectory of the shot by gravitation. The curved trajectoiy | 
of the ??hot i^ accurately traced on the laminona screen, j 
No^ suppose the deflecting force to remain constant, tbe 
cnrve traced by the projectile varies with the velocity. If 
m^-ro powder be pnt in the gnn, the velocity will be greater 
and the trajectory flatter ; and if a denser resisting medium 
be interposed between the gnn and the target, the velocity 
of the shot will be diminished^ and it will move in a greater 
carve and come to the ground sooner. The Telocity of this 
stream of radiant molecnles cannot well be increased by 
strengthening the battery, bnt they can be made to Buffer 
greater resistance in their flight from one end of the tnlw 
to the other. In the experiment shown, the canstic potash 
was heated with a spirit-lamp, and so a trace more gas was 
thrown in. Instantly the stream of radiant matter re- 
sponded. Its velocity was impeded, the magnetism haJ | 
longer time on which to act on the individual molecales, J 
the trajectory became more and more curved until, instead I 
of shooting nearly to the end of the tnbe, the " molecakr I 
bullets fell to the bottom before they had got more than I 
half-way. f 

It is of great interest to ascertain whether the iav 
governing the magnetic deflection of the trajectory of 
radiant matter is tho samo as has been found to hold good 
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at a lower vacuum. The experiments just described we 
made with a very high vacuum. Fig. 100 represents a "" 
with a low vacuum. When the induction spark is ti 



on, it passes as a narrow line of violet light joining the two 
poles. Underneath is a powerful electro -magnet. On 
making contact with the magnet, the line of light dipa in 
the centre towards the magnet. On reversing the poles, the 
line is driven np to the top of the tube. We notice the 
difference between the two phenomena. Hero the action is 
temporarj'. Thu dip tukes pliico under the magnetic 
influeDce; the line of discharge then rises and pursues its 
path t-o the positive pole. In the high exhaustion, however, 
after the stream of radiant matter had dipped to the magnet, 
it did not recover itself, but continued its path in the altered 
direction. 

By means of the Uttle wheel (fig. 101) Mr.Crookes was able 




Fig. IDl. 

::> show themngiictlc deflection in the electric lantern. The 
Cgative pole [a, h) is in the form of a very shallow cup. In 
font of the cup is a, mica screen (c, d), wide enough to inter- 
«3ptthoradiantmattcrcomiugfrom thenegativepole. Behind 
fciia screen is a mica wheel {e, J) with a series of vanes.makiug 
sort of paddle-wheel. Soarrangcd,the molecular rays from 
tie pole *, b will be cut ofi' from tho wheel, and will not 
voduce any movement. A magnet (j was now put over the 
ilie, BO as to deflect the stream over or under the obstacle 
'f', and the result was rapid motion in one or the other 
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dnection, aooovdiag to the way tbe ntagnet was tomed. Tha 
inMge of tbe q)pBntaa wu thrown on the screen. The 
spiml linea punted on the wbeel showed which waj it tamed. 
Tbe magnfi was snanged to draw the molecalar stream so 
as to beat againat tbo npper vaoea, and the wheel revolved 
n^dly as if it were ao orer-ahot water-wheeL Oa tnnibg 
tiie magnet so aa to drive the radiant matter nndemeathi 
the wheel slackened speed, stopped, and then began to 
rotate the other way. Lice an nnder-shot water-wheel. Tbia 
reversal can be repeated as often as tbe position of 'Can 
magnet is rerersed. 

We have mentioned that the molecules of the radiant 
matter dtschaiged from the negative pole are negatively 
electrified. It is probable that their velocity is owing to the 
mntnal repulsion between the similarly electrified pole snd 
the molecnlee. In less high vacua, sach as that shown in 
fig. 100, the discharge passes from one polo to ; 




carrying an electric current aa if it were a flexible I 
Kow, it is of great interest to ascertain if the atre 
radiant matter from the negative pole also carrioa a oi 
Fig. 102 18 an apparatus which decides the question at once. 
Tho tube contains two negative terminals (a, fc) close to- 
gether at one end, and one positive terminal (p) at the other. 
This enables two streams of radiant matter to be sent side by 
side along tho phosphorescent screen ; or, by disconnecting 
ono negative pole, only one stream. 

If the streams of radiant matter carry an electric current, 
'Hey will act like two parallel conducting wires and attract 
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one Bnother; but if they are simply built np of negatively 
electrified molecnles, they will repel eacli other. 

The npper negative pole (n) was first connected with tha 
coil, and the ray was acen shooting along the line d, /. The 
lower negative pole (6) was then brought into play, and 
another line (e, \\) darted along the screen. Instantly the 
first line sprung up from its fii-st position, dfbodg, showing 
that it was repelled, and the lower ray was also deflected 
downwards : therefore the two parallel streams of radiant 
matter exerted mutual repulsion, actir.ij not like current 
carriers, hut merely as similarly 
elecinfied bodies.* 

159. Radiant matter pro- 
duces heat when its motion 

is arrested, Another property 
of radiant matter is that the gla'gs 
gets very warm where the green 
phosphorescence is strongest. The 
molecular focus on the tube Ifig. 
91) ia intensely hot. 

Wo can render this focal heat 
more evident if we allow it to 
play on a piece of metal. The 
bnlb (Bg. 103) is furnished with a 
negative pole in the form of a 
cup (a). The rays will therefore 
be projected to a focus on a 
piece of iridio -platinum (b) sup- 
ported in the centre of the bulb. 

Tho induction-coil was first 
slightly turned on so aa not to 
bring out its full power. The 
focus played on the metal, raising 
it to a white heat. By bringing 

" magnet near, the focus of heat was deflected j 
luminoua focus in the other tube. By shiftir 
the focus can bo driven np and down, or 1 
;e]y away fi-om the metal, so as to leave it non- 
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Inminoas. On withdrawing the magnet so as to let the 
moleculea have fall play again, the motal became white- 
hot. Oa increaaing the iiitcBBity of tho spark, the iridio- 
platinum glowed with almost iosapportable brilliancy, and 
at last melted.* 

Thus we see that electricity, whatever it may be, cau so 
act on matter that when the molecules are free to obey iw 
impulses they are projected in various directions with force 
sufficient to produce the bombardment effects which we havi.' 
described. It is by investigations of this nature that wc 
may hope some day to obtain a knowledge of what elec- 
tricity is, and when we know that wo shall be in a. fair way 
to comprehend mnch of the hidden mechanism of nature. 



QUEBTIONS ON Chapteb XSIII. 1 

1 , What are the three states of matter ? Give illustra- 
tions to show how thyy differ from each other, 

2, What is meant by radiant matter ? 

3, What is the effect of radiant matter on phosphorescent 
bodies ? 

4, Describe an experiment to show that radiant matter 
proceeds in straight lines. 

5, A vacuum tube has a cup-shaped negative terminal 
and a positive one not in the I'ocas of the cap. Describe 
the nature of the discharge (o) when the vacuum is low, (^) 
when it is high. 

6, Describe an experiment to show that radiant matter 
when intercepted by a screen casts a shadow. 

7, Describe aii experiment to show that radiant matter 
exerts mechanical force where it strikes. 

8, Explain the difference between the deflection caused by 
a magnet of an ordinary discharge and a radiant one. 

9, Describe an experiment to show that radiant matter 
produces heat when its motion is arrested. 

*' The bi);heBt vacuam Ihfr. Cj'ookea has yet succeeded in olitaining has 
been the 1 -20,000,000th of an atmosphere, a degree nhich ma; be better 
' ' ' " a Bay that it corresponds to about the hundredth of U 
' ' ' ■' niles high. 



CHAPTER XXIV. 

ELECTEOSTATIC INDUCTION. 

160. When two bodies at different electric pressures are 
connected by a wire, a current will, as we know, flow from 
that at high pressure to that at low; but when they are 
separated from each other by an insulator, a new series of 
phenomena occur, which we have now to consider. 

Suppose we have some insulated conductors, such as 
metal balls hanging by silk threads, and we connect some 
of them to the positive pole of a battery of a great many 
cells, and some to the negative. The balls will become 
" charged ^' at the pressures of the battery ; and when dis- 
connected from the battery, they will still retain their 
charges. The same ''charging^' may be done by other 
means than by the use of a battery, A positive charge may 
be produced by briskly rubbing a glass rod with a piece 
of silk, and a negative one by rubbing a stick of sealing- 
wax. 

In these experiments, an apparatus called an electric- 
machine (fig. 104) is used, which consists* of a glass plate^ 
which is turned by a handle, and pressed 6n by a cushion. 
It is provided with a conductor, to collect the charge. It 
is more convenient and cheaper than a large battery for 
experiments when we wish to study the effects of electric 
pressure only, and not current, as it produces very high 
pressures (tens of thousands of volts), but indefinitely 
small currents, perhaps not a ten-thousandth part of an 
ampere. 
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161. Actions between charged bodies. Charged 
bodies attract and repel each other according to the following 
laws : — * 

Positively charged bodies repel each other. 
Negatively charged bodies repel each other. 
Positively charged bodies attract negatively charged 
ones J andj 

Negatively charged bodies attract positively chargnl 

Or, generally, declrio charges of the same kiml repel em.' 
other; of different hinds, attract. 

162. Law of force. Electrified bodies attract or repd i 
ivith a force varying inveisely as the square of the diaiano; 



* The attractioDB and repnlsiona be'iDg ^ 
small, tkese JiSerent forces may he coaven' 

ohserTed by a balance apparatue, such bh tl 

(ig. 105, where tbc rod can be laid ia a little ig 
::rHdle, suspended by a. silk thread, 
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i.e. if at 1 inch distance the force is unity, at 2 inches it would 
be \, at 3 incliea \, &c. 

163, Induced charges. When a charged body is placed 
near an insulated conductor, a charge opposite to its own is 
induced on the near side of the conductor j and an equal' 
charge, similar to its own, on the further side. A charged 
body will therefore attract light bodies not previously 
charged. The laws of tfiese actions are similar to those 
of the action of magnets on each other and on soft 
iron. 

Now these actions are of no great scientific importanca 
themselves ; but it is of great importance to study the 
Bans by which they are propagated through the iuter- 
'ening medium. 
Mechanical forces are propagated by means of a strain, or 
istortion o£ the connecting medium. For instance : if a 
'eight is to be moved by pulling a rope, the molecules of 
le rope nearest to the puller are slightly separated from 
le next, and these latter, in returning to their original dis- 
ince from the first, pull the nest after them, and so ODj 
ntil the force is transmitted to the weight. 
The problem, then, that we have before us is : Given 
le known experimental facta which we have iust been 
anaidering; given that there is an action, which we call 
iduction, across air and other insulators from an electrified 
ody to other bodies in the neighbourhood ; that the induo- 
fln causes these attractions, and repulsions, and " iuda- 
;s " of electrifications which we have spoken of, what is-i 
He machinery by means of which this induction acts ? What. 
1 the nature of the lever, the rope, or the pushing pole,, 
rhich strainsj and palls, and pushes across the atr, or glass>i 
p other non-conductor which we place between the induced. 
nd inducing bodies? We must attempt to answer this 

iaestion bit by bit, and our first attempt shall be based on 
le diflerence between induction and conduction. 

When a piece of glass or other insulator ia placed in 
ontact with the conductor of an electric machine, it ia 
brown into a state of strain and distortion, for it ia 
fchBrged," bat the electricity does not escape through it, 
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"Wlien, however, a metal or other conductor tatea the place 
of the glass, there is no appearance of such a state o£ strain 
at all. What is the explanation of this ? It is this. Equally 
in conductors and insulators a state of strain occurs, bat in 
oonductora this state of strain i? continually giving looy, 
while ia insulatora it does not do so. To keep up the state 
of strain in a conductor wonkl be aa difficult as to keep np 
a pressure of steam in a boiler with a large hole it. 

Let ua consider a mechanical experiment in illustration — 
only in illusti-ation, remember, not in explanation — of what 
I mean. Fig. 100 represents a veaselj U, connected to the 
water-pipoa at one end, and to a pressure-gauge, S, at the 
other. There ia no escape for the water, it cannot flow or 
move, and the gauge shows a considerable pressure. Turn- 
ing on the tap T, will allow a stream of water to escape, 
The pressure and strain is relieved 
and the gauge falls ; that is, as soon 
lis the state of constraint gives way 
aud the current flows, it ia seen 
that the strain no longer exists, la 
the analogous electrical case, bodies 
in which the state of constraint 
easily gives way do not show tbo 
phenomena of strain or induction, 
but allow the electricity to flow 
fi-eely, and these are called con- 
ductors; while, on the other hand, 
bodies which have a great power 
of resistance to the straining force 
can be greatly strained without al- 
iowiug a current of electricity to 
flow. These are called inauUtora 
or non-conductors. When such a 
(body ia subjected to a powerful straining or inducing elecfcrio 
.force, it exhibits tlio plienomena of strain or induction very 
■Btrongly, 

164. The particles of glass move more freely over each 
ither wheu hot than when coldj and heuoe we should expect 
' A hot glass would yield more easily to a straining force than 





The Leydai Jar. 

cold glass would. The following ezperimeut showa that thia ia 
the caae. Fig. 1 07 represents a, glass — 
flask containing mercury, and set *— 
in a diah of mercury. The mer- 
cury inside ia connected to the elec- 
tric machine, and that outside to 
the earth. On working the machinOj 
it ia found, firat, that no electricity 
can escape through the flaak ; se- 
condly, that there ia a strong induced ( 
cnry outside. Now let the mercury be made hot. It heats 
the glass, the particles move more freely over each other, 
the glass yields to tho straining force, electricity escapes 
through it, and at the same time all induction ceases. 

We have already spoken of condensers, which are made 
in various forms. The Form of condenser most aoitable for 
our present inquiry is the old form, known aa the Leyden j 
jar. 

16S. The Leyden jar, in ita moat common form, consiatB 
of a wide-mouthed bottle, coated inaide and out with tinfoil. 
The wooden stopper supports a hrass knob, which commu- 
nicates, by meana of a wire or chain, with tho inside coating. 
Iq order that the inside aod ontaide coatings may be well 
insulated from each other, Ihey do not reach quite to the 
top of the jar. Thus the jar forms a ayatem of two con- 
ductors {the tinfoils), acparated by a thin insulator (tho 
glass). We connect the outer tinfoil to earth. IE 
we connect the knob of the jar to the machine, 
and work the latter, we can charge the inside 
tinfoil positively, and, on romoviag the machine, 
this tinfoil will retain its charge for a consider- 
able time, as ia ahown by the electroscope E on 
the knob. (Fig. 108.) 

This insulated electrified conductor now acts by 
induction through the glaas of the jar, and induces 
negative electricity on the outer tinfoil conductor. 

Here, then, we have our two conductors oppo- ' 
[ aitoly charged, acting on each other inductively 
through the glass. 
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166. Some idea of the intensity of the strain may be 
obtained ijy "discharging" tliejar, aa it is called. This can 
be done by a pair of wliat is called " diHcharging tonga," 
wliich consist of a conveniently-shaped conductor fixed to 
an insulating handle. We hold the "tongs" so that one 
knob touches tho outer conductor of the Leyden jar (fig, 

109), and then bring the other knob 
of the " tongs " near the knob of the 
^ jar, which, wo i-emember, is connected 
"^1 to the inner coating. 

The strain between the conductors is 
now taking place through two different 
insulators; that is, first through the 
glass of the jar, second, through the 
air between the two knobs, viz., tho 
knob of the jar and tho upper knob of the tongs. The 
glass is strong enough to resist the straining force of Bucb 
a charge of electricity as tho jar now has. Wo now bring 
the fcnobs nearer together, Tho straining force across tho 
air between them gets greater and greater, and, at the same 
time, as the thickness of the air diminishes, its power of 
resistance, or of sustaining the state of strain, gets less and 
\ less, till at last, the air breaks and gives way, and the eleu- 
tricitioB rush together with a flash and a report, 

167. Residual charge. The straining force of tbn 
charge which we gave to the inner coating is removed wiili 

tho charge, and immediately after the flash and discharge 
the faUiug of the electroscope shows that there is no elec- 
tricity whatever on either coating of the jar. But, in a very 
short time, the electricity seems to be returning ; a slight 
motion of the electroscope ball shows that a alight charge 
has returned to the inner coating. On applying the dis- 
charging tongs a spark occurs as before, only it is very mucli 
feebler, and the jar is now completely discharged, 

168. Mecliamcal illuBtratiou. What does this mean? 
Where did the second charge of electricity come from ? Lei 
us consider a mechanical experiment, which will help as to 
an explanation. We use a strip of gutta-percha, of which 
the lower end is fixed to a block. We now bend it down 
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with the finger, and Buddenly let it go. It flies up nearly, 
bnt not quite to the vertical position, rests an instant, and 
then moves slowly on till it is quite vertical. 

If a spring index had been applied to it, it would have 
been seen that while pressed down it exercised a sti'ong 
□pward pressure. At the moment when it was at rest a 
little way from the vertical it would be exercising no prcs- 
eure, and then it would be seeu that as it began to again 
move towards the vertical, it would again exercise 
The gutta-percha was strained or distorted by t 
When the straining force was removed, the strain, 
nearly disappeared, but not quite. Then, in the course of 
the next few minutes, the disappearance of the strain op 
distortion was completed slowly. 

The electrical case is exactly analogous. The pressure of 
the finger represents the first charging of the inner tinfoil ; 
the straining of tho gutta-porcha represents the electrical 
straining of tho glass. Tho presanre on the finger by the 
strained india-rubber represents the induction on the outer 
conductor. As in the gutta-percha, when the straining force 
is removed, tho strain or distortion nearly disappears, and 
the upward pressure exercised by it entirely ceases, so in 
the Leyden jar, when the inducing electricity is taken away, 
the strain of the glass aloiost vanishes, and the induced 
charge disappears. , 

The strain or distortion of the glass, however, has only 
almost, but not entirely, disappeared ; and now that there 
is no straining force interfering, the particles of the glass 
move over each other slowly, and in the course of a few 
minutes return to their normal state. But now, while the 
inner conductor has remained insulated, a change has 
occurred in the electrical arrangement of the particles of 
glass adjoining it. The state of strain has altered. They 
have changed from a more to a loss distorted shape. 

Now, in the ordinary phenomena of induction, what 
happens when we alter the state of strain of an insulator by 
bringing a charged body near it? Why, it induces elec- 
tricity on any adjoining conductor. Similarly in the present 
case, when the elasticity of the glass brings it from a more 
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to a less strained state, and so alters the state of straii 
charge is produced on the insulated conductor, and thia 
the residual charge which we have been inqniriflg about. 

169. Effect of tapping the glass. We must not 
that this residual charge returns slowly aud gradually. Nc 
when a body ia mechanically distorted, and ia retumi 
to its normal state by virtue of its elasticity, anything wh: 
enables the particles to move more freely over each oth 
such as tapping or jarring, will hasten that return. If, 
inatanco, we have a heaped up tray of sand slowly retami 
to its normal unstrained state of being level under theacti 
of gravitation, any tapping of the tray will hasten the ; 
covery from the state of strain} that is, hasten the retnm 
the surface to a level state by enabling the particles to sli 
more freely over each other. 

Now, if our supposition that these induction phenome 
are the effects of strain, and that the residual charge is t 
retui-ning of the distorted particles of glass to their norn 
state, ia correct, any tapping or jarring of the glass shoi 
hasten this return ; that is, hasten the appearance of t 
residual charge. In the P?n7. Traits, for 187*3, Dr. Hopk 
son has shown that this actually occurs, aud I have repeat 
his experiment in the following form at the Royal Inat 
tntion. 

For this purpose, as we wish to measure electrification, 
must use au electrometer. The instrument which was use 
is called the quadrant-electrometer, and is the invention 
Sir William Thomson. 




The right-haad half of fig. 110 is a diagram of the e^ei 
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parts of it, A sort of brasa pill-bos, supported hori- 
tally, 13 cut into four quarters or quadrants, each of 
ch is insulated from the one next it, but connected to 

one diagonally opposite to it. An aluminium needle, 
^, is suspended, so tliat it can swing like a compass 
die inside the pill-box. The needle lias a strong positive 
rge. When wires from tho inner and outer coatings of 
eyden jar are connected to the wires a- and h respectively, 
hat the unshaded quadrants are positive and the shaded 
a negative, it will be seen that the action of all four 
drants is to turn the needle in the direction of the bands 
k watcb. 

"be motion of the index needle itself ia very small, but 
iched to it is a small mirror. In the lecture, light from a 
3-light fell on it, and was reflected on to the screen, form- 
a bright spot. ,Ths least motion of the needle and 
ror of course moved the light-spot along the screen. 
3 amount of motion was noted by means of the scale 
icbed to the screen. 

?he Leydon jar in this case was made in a form somewhat 
erent to tliat which we have been considering. The 
alator was, as before, a small glass bottle,* but the con- 
;tors consisted of strong sulphuric acid. Some was put 
ide the jar, and some in a glass dish in which the jar was 
To charge the jar a platinum wire came from the 
3tric machine to the acid inside the bottle, while that 
,side was connected to earth. 

The jar was charged for two or three minutes and then dis- 
irged. The inner and outer coatings were then connected 

about a minute by holding the wires from them together 
;ween the fmger and thumb. The wii'es were then sepa- 
od and connected to the quadrants of the electrometer, 
! earth connection being removed. The spot of light 
)wing the motion of the needle at once began to move 
ng the scale at the rate of about three inches per second, 
jwing that the residual charge was coming slowly out. 
On tapping the edge of tho bottle briskly with a piece of 

A botUf, about four incLea high, intended for rnaking a small 
fden jar, was used. 
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liard wood, the pace at which the light-spot moved was at 
once trebled,* sliowing that white tapping is going on, the 
residual charge retnrns much more quickly. 

If it ia wished to repeat the experiment, we can discharge . 
the electrometer, and bring the light-spot back to zero Ity 
holding the wires together for a moment between the finger 
and thumb. 

Thus we see that any mechanical vibration communicateil 
to the particloa of glass increases their freedom of motion 
among each other, and, therefore, enables thorn to recover 
more quickly after they have been thrown into a state of : 
strain by electric induction. 

This experiment ia nearly conclasive, I think, as to induc- 
tion being a sttite of strain, and thia concludes what we have ^ 
to say about the Leyden jar. I 

170. How strain is propagated. We will now begin ' 

to inquire into the nature of this strain, and try to find out 
a little about how it is propagated from place to place. 

Is it propagated simply in straight lines? does the in- 
ducing electricity stretch out an arm through the insulatoi , 
and pull at the second conductor? or, does it act only o;. 
the particles of the insulator which are nearest to it, leaviriL' 
it to them to act on the next set, and so to carry on tlii 
strain from particle to particle till it arrives at the secocii 
conductor ? J 

Faraday asked himself the question, and it occurred to J, 
him that there was a very simple method of arriving at an i{ 
answer. If the induction is propagated I 
from particle to particle of the insulator, I ' 
it can travel along any direction where ■ 
there is a continuous chain of insu- 1 
lating particles, whether this chain 
forma a straight line or not ; in other 
words, it can (wrii a corner. If it wea 
^'k'"- a "direct action at a distance" (what> 

ever that may mean) it could only travel in straight lines. 
The following experiment is a modification of one desigBvl 
by Faraday to show that induction can take place in curvfl 
L * This experiment was plainly Been by a largo audieoce, 
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No induction can take place throngb a metal screen 
«h ia connected to earth. The simplest way to prove 
) is liy experiment. Fig. Ill _^ 
resents a large metal screen "^"^"^^5^^,.^ 
SLected to earth,' the electric ~^" 

shine being placed on one b' " 
jit, and a gold-leaf clectro- 
pe* on the other. However 
bcQgly the machine was worked 
re was no divergence of the 
ies. I then (fig. 112) took away this screen, and put 
\ smaller one. In order to be snre that this, though 
kUer, was still large enough to cut ofE all straight lines 
n every part of the machine to the electroscope, I put 
lUme-light L as shown in fig. 112. It was seen that tha 
leal shadow of the electroscope fell entirely on the screen, 
t tiie shadow of the screen entirely covered the machine. 
(Working the machine the leaves diverged widely. 
tow did the induction get to them ? Our experiment 
It the large screen shows that it conld not have passed 
DagH the screen j that with the lime-light shows that it 
Id not have come in a straight line past the edge of the 
|)11 screen; and, therefore, we see that it must have come 
prved lines round the edge of the small screen. 
pis experiment shows a point of diflTerence between the 
lection through air of light and of electric induction, for 
pe the edge of the optical shadow is almost on the straight 
S'from the source of light through the edge of the screen, 
jdectrical shadow does not extend nearly so far, but the 
Bction curves considerably round the edge of the intep- 
llig screen, and extends in every direction, in which 
te is a continuous chain of insulating matter. 
STL Induction precedes discharge. I think the 
jwiment which we have just described proves the 
jiance of induction in curved lines. It is possible, 
fever, actually to show a curved line of induction. It 
hnect an electroscope to a knob placed near an electric 
iThis in a very delicate apparatus for detecting small elcatrical 

r 
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macliine and connected to eartb, when we wort the madiiQe i 
> that sparks pass slowly, the electroscope 
shows a strong induced charge, which in- j 
creases to amasimnm just before each spark J 
and immediately after the spark falls to I 
:ero. (Pig. 113.) 1 

This experiment shows that inductioQ pii> 
k cedes discharge. All that we know abi>i. 
riK. "J- the subject shows that this is a nniver.. 
law, namely, that there must always be induction along tb ■ . 
whole path between the conductora before discharge can . 
tako place. It is clear that this law ought to hold, for 
discharge is only the sudden breaking down of a state of 1 
strain, and there can be no breaking down of strain except J 
where strain exists, and induction is strain. I 

The fact of a spark passing along any path shows that | 
induction was previously takiug place along that path, li ■ 
does not, however, show that the whole induction was alon: 
that particular path even a very small fraction of a secin.' 
before the discharge. The induction might have been, aui; 
probably was takiug place along many paths. When, how- 1 
ever, the insulator broke down at the weakest point, anJl 
the spark began to pass, the whole of the induction at ouMi 
transferred itself to the line of discharge as being the [ 
offering least resistance, and then the breaking down % 
relief of the strain was completed along that path. 
Given, then, that induction precedes discharge, if ? 
cui-ved discharges, we shall I 
that there was previously c 
I induction. Discharge often j 
sists of a barrel-shaped bund] 
sparks. (Fig, 114.) They i ' 
*'*■ ^"' fact, the curved lines of fore 

linos of induction, or lines of strain, produced in i 
shape. The centre lines are straight, and the str 
induction takes place along them ; but induction stn 
enough to produce discharge takes place in curved li 
through all the particles on all sides of the centre line. 

172. Iiines of force are real. These lines of force 
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real, and, I may almost say, tangible thinga. They can bo 
attracted and eliapcd by the hand and other couductors. 
If I place my knuckle near the lines, they bend out 
towards it. Tbis means that the positively electrified 
particles of air indaco negative electricity on my hand, and 
then the two electricities attract each other, and displace 
the whole lino of force. It would bo difficult to conceive 
the possibility of attracting an " action at a distance." 

We have shown that the induction is a state of strain, 
and we have studied the direction of the strain. We now 
ask, what is ita nature? Faraday showed experimentally 
that the lines of force attracted each other, so that, if a 
number of them were side by side forming a "bundle," 
their mutual attraction drew them together as if the bundle 
had been tied up more tightly. 

Maxwell has since pointed out that this is what occnrH 
whenever a rope is mechanically stretched. The pull tending 
to lengthen the rope is accompanied by a pressure tending 
to make the rope thinner. To show this lateral pressure, we 
may use an india-rubber tube 
(6g. 115). When we stretch it 
the sides press on whatever is ii 
aide it. Whenever a mechanical *ig.iij. 

tension occurs it is accompanied by a pressure at right angles 
to it. 

Maxwell has shown mathematically that an electric indue- 
tiou acting as a tension along the lines of force is always 
accompanied by an exactly equal pressure at right angles 
to them. Electric induction, or tension, is a tension of 
exuctly the same kind as the tension of a rope, and the 
Juedium which can support a certain induction force before 
weaking and allowing a spark to pass may be said to have 
fi certain strength in exactly the same sense as a rope may 
be said to have a certain strength. Sir William Thomson 
nas found that the electric strength of air at ordinary tem- 
peratare and pressure is 9000 grains per square foot, 
Finally, Mr. De la Rue has actually seen in one of hia 
joum tubes a star of light showing a rain of particles 
Fat right angles to the main discharge. 
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Questions on Ghaftsb AXiV. 

1. Describe the actions between insulated electrified 
bodies. State when attraction occurs, when repulsion. 

2. A body A is positively charged, and one B negatively. 
Do they attract or repel ? What happens when the charges 
of both are reversed? What when A is only reversed, 
what when B ? 

3. State the law according to which the attractions and 
repulsions vary with the distance. 

4. When a piece of glass or other insulator is placed in 
contact with the conductor of an electric machine, it is 
thrown into a state of strain and distortion, for it is 
" charged/' but the electricity does not escape through it. 
When, however, a metal or other conductor takes the place 
of the glass, there is no appearance of such a state of strain 
at all. What is the explanation of this ? 

5. Describe a mechanical experiment to illustrate yonr 
answer ? 

6. Describe an experiment to show that the particles of 
glass yield more freely to electric strain when the glass is 
hot than when it is cold. 

7. Describe the Leyden jar. 

8. Describe the process of discharging a Leyden jar. 

9. What is *' residual charge '^ ? Explain it. 

10. Give a mechanical illustration of residual charge. 

11. Describe an experiment to show that the return of 
residual charge can be hastened by a mechanical vibration 
of the particles of the glass. 

12. Describe an experiment to show how electric strain 
is propagated. Can it turn a comer ? 

13. Describe an experiment to show curved lines of 
induction. 




Wb havo scon that Induction is transmitted from particle 
to particle of insulators, and that its phenomena are exhibi- 
tions not of some direct action pafising through the insulator, 
but of somethiDg actually existing in the particles of the 
insulator itself; that it is in some peculiar straining of 
these particles that the causes of the phenomena will bo 
found. 

173. Specific inductive capacity. One of the first 

questions which now presents itself is. Do all insulators on 
which a given iudncing charge acts suffer an equal strain, 
and therefore exhibit the same quantity of inductive action 
at the other side, or, on the contrary, does the same charge 
of electricity strain different insulators differently and pro- 
duce induced changes of different strengths ; in other words, 
are there in different insulators different capacities of re- 
ceiving strain from a given straining charge— differences of 
specific "strainability " — that is, differences of S^fcZ/t'c In- 
diicHve Capacity? 

Various expei'iments satisfied Faraday that the latter is 
the case, and that different bodies have different specific 
inductive capacities. 

174. Sefinitioil. First, however, let us make it quite clear 
what is meant by the term specific inductive capacity. Let 
B certain charge of electricity be acting inductively across 
air upon a neighbouring conductor, and let the siaos of the 
conddctors and the distance between them be such that the 
strength of the charge induced on the second conductor is 
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eqoal to^miily. Let the ^holo space betircen tlio condnctoi^ 
be now filled with some other insulator. The streogth of the 
indncod charge will now bo no longer nnity, bnt it v " 
have some other valae. Tlie nnmbt-r which represents tl 
value is called the " specific inductive capacity " of t 
aiibstancD between the conductors; in other words, t 
specific inductive capacity of a substance is the ratio of til 
inductive action across it to that across air. Air being tal ' 
OS the standard, its specific inductive capacity is called n: 

Wo will now examine some of the various methods ^" 
which, from time to time, the specific inductive capacities i 
of various bodies have been measured. 

175. Faraday's experiments. As Faraday was (lio 
discoverer of specific inductive capacity, we will begin witli 
his c:iperiment9. Faraday's wish was to construct a Leyden 
jar, of which the metallic coatings should be fixed, and alwny.i 
in the same relative positions, while the insulator should bt: 
movable ; so that various Leyden jars could be set up, which 
should be exactly alike in alt respects, except in the natnro 
of their insulator, which could be made to consist either of . 
air, glass, sulphur, or any other substance, j 
If such jara could bo constructed, and if I 
differences were observed in their behaviour, 1 
these differences could only be due to dif- 1 
ferences of induction through the different I 
insulators, or to differences of specific in- | 
ductive capacity. | 

The apparatus consists ' of a metal ball I 
(fig. 116), which can be surrounded by a ] 
larger hollow one. The outer ball is made i 
in two pieces, so as to allow the inner one to I 
bo placed insido it. There is a space of ©■62 I 
iuch betweeu the surfaces of the balls. The | 
inner ball is supported by an insulating 
stem of shellac passing through a hole in | 
1 the outer one. A wire which passes up , 
Fiff. 11a. inside the shellac allows the inner ball to 1 

be put in connection with au electric machine, oloctromoter, ' 
;'r other apparatus. 
' "" space between the balls containa the insulator. It 




specific Inductive Capacity. 2 1 7 

may be air, or tho wliolo or part of the apaco may be filled 
with glasa, sulphur, &c. Faraday preferred only to fill half 
the space, and then to calculate what the effect would have 
beeu if the whole apnco bad been filled. Ho, therefore, 
prepared his insalatora in the form of hemispherical cups. 

He constructed two of these Leyden jars, ao that bo 
could observe simultaneously their actions with different 
insulators, and endeavoured to make them precisely alike. 
If they had not been precisely alike, there would have been 
a difference in their behaviour which would have been due, 
not to difference in the specific inductive capacities of tho 
insulators, but to differences iu the shape and size of the 
jara. In order to make sure that they were exactly alike, ho 
made an elaborate scries of preliminary experiments. We 
need not go into all the details of these preliminary experi- 
ments, but we can indicate the priucipleof them in afew words. 

If the two "jars" are equal they will have equal capa- 
cities for electricity. That is, under similar circumstancea 
they will each hold an equal quantity of electricity. 

To determine this, Fanidny first charged one apparatus 
only, and measured the charge. He then connected the two 
together, so that the charge divided itself between thorn. 
He then separated them and remeaaured the charge of the 
first one. If the second apparatus had the aamo capacity 
as the first, it would have taken away exactly half the 
charge. If it had a greater or less capacity, it would hare 
taken more or less than half the charge. 

The "jara " were, therefore, adjusted till the charge left 
in each after division with tho second was exactly ooe-balf 
of the original charge before division. I have said that 
"the amount of charge was measured,'" but have not yet 
explained how that was done. Hero again as the electro- 
scopes which we have been experimenting with only show 
the existence or non-existence of a charge, but do not 
measure its amount, we require an electrometer. Tho 
electrometer used by Faraday to measure the induction was 
tho invention of Coulomb, and is called the "torsion 
balance." Descriptions of it will be found in all books on 
physics ; but, as it is now obsolete, we will not trouble our- 
selves with an account of it. 
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[ Having adjusted his torsion balance and determined the 

I eqnaiity of hia two Leyden jars, Faraday was ready to 

L commence Iiia measurements of Bpccific inductive capacity. 

I Ho kept one apmratna full of air, and placed in the oUier 

I B bemisphorical cup of shellac. He then compared the 

I inductive actions through tho two mnchinrs, and lie at once 

I found that the induction through the shollac apparatus was 

I greater than that through the air apparatus in the propor- 

I tion of 170 to 113, or 1'55 to 1. In this case the air 

I apparatus had boon charged first. 

I Another set of experiments in which the sheilac apparatus 

I was charged first gave a ratio of 1 '37 to 1 . 'ITiis difi'croncc, 

I which is considerable, is accounted for by tbo fact that the 

I expenment takes Home time, and that there is a constant 

1 leakage of electricity going onj und in the ono set the 

[ efiect of tho leakage would be to give too high a result, and 

I in the other to give too low a one. The mean, therefore, 

I will not be far from the truth. 

I Faraday gives as his result that the induction through 

I the apparatus half-filled with shellac is 1*5 times that 

I fclirough the one full of air. From this he calculates that tho 

[ ratio of the specific inductive capacity of shellac is to that 

I of air rather more than 2 to 1. 

I I have purposely avoided attempting to give the exact 

I details of Faraday's method of working, for two reasons. 

I Ono is that it is an exceedingly difficult thing to nnder- 

I stand, as the inductive actions through the diflbrent insu- 

I labors are compared by an indirect method, to follow which 

1 requires a considerable familiarity with the lawa of iuduc- 

I tion J and the other is that I thought it unnecessary to 

I burden your memories with the minor details of a methoi^^ 

I of working, which, owing to the invention of improve^| 

1 apparatus, no experimenter would now adopt, wonderful ^H 

I it was in its day, and wouderf ul for all time as are tho resul^H 

I which were obtained by it. ]H 

I Faraday continued hia experiments on other substanca^l 

I and the following is a general table of his results : Shella^f 

I 2j sulphur, 2'S4; flint glass, 1 '76 or more. ^| 

I After Faraday came numerous experimenters, who har^fl 

k published results more or less, accordant for the specifit^f 
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mductiva capacifcies of matiy insulators. Space will not 
admit of my giving you an account of all the methods which 
have been naed. 

176, Gordon's experiments. Aa an illustration o£ 
modern methods wo will examine the ontlinea of some de- 
terminations which I made some few years ago. We may 
hero mention tliat iuaulators across which induction takes 
place are called " dielectricSj" from the Greek Si« = across. 

The great difficulty which all invoatigators of specific 
inductive capacity have met with has been due to the fact 
that, if a dielectric is charged for any appreciable time, 
some of the charge is " absorbed/' and the phenomena of 
" residual charge " complicate the observations. 

In the experiments we are about to describe the effects of 
absorption are guarded against in two ways. 

(1) The electrified metal plates of the condenser do not 
touch the dielectrics J and 

(2) The charging only lasts 15^^^ of a second. 

177. The induction balance. Fig. U7. The chief 

instrnment nsed is a very comphcatcd condenser called tha 
" Induction Balance," the general plan of which is due to 
Sir Wm. Thomson and Professor Clerk Maxwell. 

It consists essentially of five circular parallel metal discs, 
a b c d e; b c d e are fixed, and a can be moved parallel to 
itself by means of a screw, ace are 6 inches in diameter, 
b d&re 4 inches. There is a apace of about 1 inch between 
each plate and the one next it. 

The source of electrification (coil poles in fig. 117) is one 
that gives equal and opposite pressures. "Whore the double 
Bign (± +■) is given, it means that the sign of the electrifi- 
cations can be rapidly reversed. We will for the present con- 
sider the electrifications of all parts of the apparatus to have 
the upper sign, and the reversing engine not to bo at work. 

Wo soo that one pole of the coil is connected to the out- 
side plates a and e, and the other pole to the centre plate c, 

The two small plates, h and d, are connected to the 
quadrants of an electrometer,* 

The centre plate c can never produce any deflection of 

the needle, because, being placed half-way between the 

• See page 208. 
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1 plates, it will produce an equal and similar charge on 
|oh of them, aud therefore equal and similar charges on 
a quadrants. 

"Tie outer plates will also pFoduco no effect on the needle 
long aa there ia only air in the balance and they are' 
>d Bymmetrically — that is, aa long as distance a 6 ia 
1 to distance e d. 

f,. however, a ia moved by its screw away from 6 (bo aa 
ike distance a h greater than e d], tbere will be a less 
itive action from a to t than from e to d, and the needle 
t, lie deflected in the direction which shows that the 
laded quadrants are most strongly electrified. 
pnt if, on the other hand, any dielectric of greater 
Ksific inductive capacity than air be placed between a and 
fbere will be a ffi-eater inductive action from a to b than 
D e to d, and the needle will be deflected in the opposite 
iction. 

t IB clear, then, that if we insert a dielectric, and at the. 

e time eci'ow a away from h, we can find a position for 

there the increased induction through tho dielectric ia 

iptly balanced by the decrease due to tho greater distance, , 

I iben the needle will remain at zero. 

^e distance which a will have to be moved to oom- 

nte any given dielectric plate will depend only on the 

^eB3 of the latter, and on its specific inductive capacity. 

I the experiments we read the position of a, which 

ngs the electrometer needle to zero ; lat, when there is 

iir in the balance ; 2nd, when tho dielectric ia inserted. 

a difference of these two readings is the distance which 

; been moved. "We measure the thickness of the di- 

Btric, and then we can calculate the specific inductive 

Jtecity by tho following mathematical formula. 

Ja78. The fonnula of calculation. Let the reading 
ma, when there is ooly air in tho balance, be a„ and that 

sn the dielectric ia inserted, h.^; then («:— Oi) is the 

iance which a has had to be moved. 

. dielectric plate of thickness h, aud specific inductive 

P>pacity K, acta like a plate of air of thickness ^. That ia 
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to say, the capacity of a condenser wtose dielectric pla 
had a thickness h, and specific inductive capacity K, woq 
be equal to that of a similar condenser having, for i 

dielectric, a plate of air of thickness ^. 

We mast remember that when we insert a dielectric pla 
of thickness h into the balance, we displace a plate of air d 
the same thickness h. 

The effect then of inserting the dielectric is to increase a 
capacity of the condenser, consisting of the plates a andf 
Bs much as if we had brought the plates nearer by a distaq 

b, and further apart by a distance ^ ; that is (as b is gT( 

I by a quantity i — ^. 

But as we have moved a so as to keep tho needle at 
I zero, we have produced an exactly equal decrease of capacity 
[ by increasing the distance between a and i by a quantity 
I (ai—a,). It is clear that this real increaso of distance mufl 
j be exactly equal to the imaginary decrease of distance pro- 
I duced by the dielectric, and we must have 

»-E = !«-— .)i 
or, in other words, 



and this formnla was used to calculate tho results of tlio 
experiments, 

vVe note that we do not require to, know the distances a, h 
or «g b, but only their difference, which is much more easily 
measured. 

179. The reversalB: We have liitherto supposed tlie 
needle to be charged positively in the ordinary way. Let 
ns suppose tho equilibrium not to bo established, bnt tho 
action of a to be gi-eater than that of e, and the electrifica- 
tions to have the upper signs, a and e will induce { + ) 
electrioity on b and d, and (— ) on all four quadrants ; but 



Gordon's Induction Balance. 223 

tie electrifleatiou of tbc aIiai3od qnadranta will be tlie 
BtroDgestj and the needle will turn to the right (in the 
direction of the hands of a watch), 

Now, suppose the electrifications of d c e to be ail reversed 
in sign, but to have the same numerical values as before; a. 
and 6 will now induce a (— ) charge on h and d, and a ( + ) 
one on the quadrants. The shaded quadrants would still 
he the strongest, but the needle would now turn to the Isfi. 
It is clear that if, as in actual work, the reversals were very 
rapid, the needle would merely receive rapidly alternating 
impulses in the two directions, and no disturbance of the 
pquilibrium would produce any deflection. 

To escape from this difficulty, it has been arranged that 
the needle, instead of being permanently charged, should be 
connected to the plate c. 

The sign of the charge of the needle is then reversed 
with the reversals of the charges of the balance. 

Let now the electi-ifications have the upper signs, and 
the shaded quadrants be strongest. The quadrants will be 
{— ) and the needle ( + ), and, the force being attractive, 
the needle will turn to the right. 

Now let the electrification be reversed, the quadrants 
will be (+) and the needle ( — ). The force will still be 
attractive, and the deflection in the same direction aa 
before. 

In practice, when the electrifications of the five plates, 
the dielectric, the needle, and the four quadrants were all 
being reversed 12,000 times per second, the deflection of 
the needle was perfectly steady, and exactly under the 
control of the seraw of a, 

A motion of a of .ilj, inch usually moved the spot of 
light on the electrometer scale about one millim. 

The rapid reversals (12,000 per second) were obtained 
by means of an induction coil and a special high-speed break. 

A secondary reversing engine weis used to again reverse 
the electrifications on their way to the balance about 30 
times per second, in case there should be any preponderance 
of either ( + ) or ( — ) after the first reversal. 

For details of the apparatus and method of working the 
reader is i-eferred to my " Electricity," 2nd ed. vol. i. p. W 
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180. Results. The following is a general table of the 
results obtained for different substances :— • 



Name of Dielectric. 


Specific Indactive Capacity. 


Glass — 
Doable extra-dense Flint . 
Extra-dense Flint . 
Dense Flint . 
Light Flint .... 
Hard Crov^n .... 


3-164. 
3054. 

3-013. 
3108. 


Common Plate, two specimens— 
No. 1 .... . 
..2 


Ill} mean 3-243. 


Ebonite, four slabs — 

No. 1 

.,2 

.,3 

J, 4 » • • • • 


2 2697 •) 
2-3077 J 


Best quality Gutta Percha . 


2-462. 


Cfli.TTKRTON*s compound 


2 647. 


India-rubber — 
Black ... 
Grey vulcanized 


2-220. 
2-497. 


Solid Paraffin, specific gravity at 
11° C. = -9109, melting point 
68° 0. Six slabs cut in planing 
machine; results corrected for 
cavities — 
No. 1 

:;i: : ; : ; 

■• 4l . . . . * 

„ 6 

,. o . • • . . 


1-9940 1 

1-9784 

1-9969 

2-0126 

1-9664 

2-0143 


1-9936. 


Shellac 


2-74. 


Sulphur 


2-68. 


bisulphide of Carbon . 


1-81. 
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5 importance of these experiments lies in their 
ig on the theory which connects the phenomena of 
ic induction with those of light, which we shall discuss 

>fessor Boltzmann and Messrs. Ayrton and Perry have, 
eaus of a special apparatus, measured the specific 
fcive capacities of various gases with the following 

s : — 



Gas. 



Specific Indnctive Capacity. 



AtOoC.andreOmillims. 



At 16°— 17* 0. and 
760 millims. 



Air at 0° C, and 709 millims. taken as 1*000000. 



Vacuum •999110. 



bonic Acid . 


1000356 


1000302 


drogen 


•999674 


•999660 


bonic Oxide 


1-000100 


1-000060 


rous Gas (NO) . 


1-000394 


1-000348 


fiant Gas . 


1-000722 


C 1-000618 
1 1-000576 


rsh Gas 


1-000354 


1-000300 



Aybton and Pebey. 

Dielectric. Specific Inductive Capacitr. 

Air 1-0000 

Vacuum -9985 

Carbonic dioxide 1*0008 

Hydrogen '9998 

Coal gas 1-0004 

Sulphuric dioxide 1-0037 



Questions on Chapter XXV. 

Define specific inductive capacity. 
Describe Faraday's method of measuring it. 
What is a *' dielectric '' ? 
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4. Describe fully Gordon's method of measuring s 
inductive capacity. 

5. What does the fact that different bodies have di 
specific inductive capacities teach us as to the way in 
electric induction is propagated ? 



CHAPTER XXVI.* 



ANALOGIES BETWEEN THE MUTUAL ACTIONS OP CURRENTS, OP 
MAGNETS, AND OF ELKCTEIFIEI* BODIES, AND TE03E OP 
CODIES PULSATING AND TIDKATINO IN FLUIDS. 

181. Professor Bjerknes' researches. At the Paris 

Electrical Exhibition of 1881, Professor 0. A. Bjerknes, of 
ChristiaDa, exhibited some most remarkable experiments, 
showing that it is possible to imitate most of the well- 
known actions between currents and magnets by means of 
bodies pulsating a,nd vibrating in water and other fluids. 
Their importance lies in the fact that they afford a possible 



I 
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'■ See mj " ElectvJtitj," 2iid ed. toI. ii. p. 36. 
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clae to the natare of the mechanism which transmits electric 
and magnetic forces through space. 

The apparatus used consists of a glass trough, filled with 

water, in which the vibrating 
and pulsating bodies are placed. 
These latter consist of little 
drums, with elastic india-rub- 
ber ends, and which are made 
to pulsate by drawing air in 
and out by means of pumps. 
These pumps are withoat 
valves, but are constructed like 
an ordinary child's squirt, so 
that the air is drawn in and 
out at each motion of the piston. 
There are two pumps which ac- 
tuate the two pulsating bodies 
whose mutual actions it is de- 
sired to study. They are driven 
rapidly by a hand-wheel, and 
by altering the position of one 
of the crank pins, they can be 
made to work either in the 
same or in opposite phases. 

In the experiments, one pul- 
sating body is held in the handj 
and the other pivoted on a 
stand, so that it is free to move 
like a compass needle under 
the attraction or repulsion of 
the first one. 

Fig. 118 shows one of the 
pulsating drums. 

Fig. 119 shows another, 
which has a central diaphragm 
and two tubes, so that its two 
faces can, if desired, be made 
to pulsate in opposite phases. 

Fig. 120 showp the arrange- 







Fig. 121, 
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ment for a vibrating body, where tlie ball moves backward 
and forward along a lioriaontal line. It is moved by tlie 
mechanism shown in fig. 121. 

182. Phases. Two pulsating bodies are said to be in the 
same phase when they both expand or both contract at the 
same instant, and iu opposite phases when one expands while 
the other contracts. 

The diagrams, pp. 230, 231, illustrate this analogy between 
pulsating and vibrating bodies, and magnetic poles and 
electrified bodies. It is fonnd that there is a close analogy 
between the mntual actions of pulsating and vibrating 
bodies, and of magnetic poles and electrified bodies, bub 
that in all eases the analogy is inverse, as may bo seen ou 
opposite page. 

Tlie force in all four ca-nea varies inversely as tlie square of 
iJie distance between the attracting and repelling ladies. 

183. Attraction of light bodies and of soft iron. 
If the suspended body is disconnected from the pump, then 
a pulsating body will repel it in the same way as an elec- 
trified body attracts light objects, or a magnet attracts soft 

184. Attraction or repulsion of compass needle, 

A body oscillating along u horizontal axis, which is free to 
turn, will follow or fly from a pulsating or vibrating body jnst 
as a compass needle will follow or fly from the pole of a 
magnet. The direction of the force depends on the phase, 
as explained iu 182. 

185. Two magnets of uneiiual strength. If two 

magnetic poles ot tho same polarity, but of which one is 
much stronger than the other, are placed a little distance 
apart, they will repel, but it brought near together, they 
attract, as the largo one induces in the small one a polarity 
opposite to its own and stronger than its natural polarity. 

Similarly, two pulsating bodies moving in tho phase which 
produces attraction, and one of which is much larger than 
the other, will attract when they are a little distance apart, 
but repel when they are near. 

186. Diamagnetism. Faraday suggested that many o£ 
• the phenomena of diamagnetism maybe accounted for by 
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Electbified 
Bodies. 

Two bodies 
similarly elec- 
trified repel 
each other. 



Two bodies 
oppositelj/elec' 
trified attract 
each other. 



MAaNETIO 

Poles. 

Two inag- 
nelic poles of 
the same name 
repel each 
oth cr. 



Pulsating Bodies. 

Two bodies palsating in the same plias< 
posed fticcs of the drums arc moving in op 
the same instant (figs. 122, 123), attraci 



Two mag- 
netic poles of 
Opposite name 
attract each 
other. 




Fig. 122. 



Two bodies pulsating in opposite pliaj 
posed faces of the drums are moving in thi 
the same instant (figs. 126, 127), repel 




rig 120. 



Bjerknei experiments. 
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vhen the op- 
lirections at 
►ther. 




123. 



wben the op- 
direction at 
other. 




127. 



OsoiLLATiNa Bodies.' 

Two oscillating bodies moving in opposite directions at the same 
instant (figs. 124, 125), attract each other. 




Fiff. 124. 




-^ 



■^ 



Fig. 125. 



Two ojcillating bodies moving in the same direction at the same 
instant (figs. 128, 129) repel each other. 




Fig. 128. 




Fig. 12t?. 
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sapposiag all bodies to be paramagnetic, bat of different 
Btrengthfl, and that the apparent repulsion observed witli 
bismnth and other bodies is only due to the stronger attrac- 
tion exercised on the mediom in which they are immersed. 
It is probable, howerer, that this explanation is not snfficieDt 
to accoant for all the phenomena observed. The aualt^ns 



-^- 



case in the Bjerknes' experiments 



^'aVr) 



^ 



is that the actions on a , 
body are opposite, ac- 
cording to whether it 
id lighter or heavier 
tlian the medinm in 
which it is immersed. 

Bodies heavier than 
water (fig. 130) are oi- 
tracted by a pnlsatiug 
body j bodies lighter 
than water (fig. 131) aro 
repelled. 

Another way of ar- 
ranging the same ex- 
peri mo nt ia shown in 
lig. 132. 

In each case we con- 
sider the body heavier 
than water as a type of 
a diamagnetic body, re- 
'^' ■ membering that all the 

phenomena are inverse ; that lighter than water to be 
similarly the (inverse) type of a paramagnetic body. Thus 
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tLe body heavier than water ia acted on like soft iron, tlio 
one lighter like bismuth. 

If two magnetic poles of the same name be placed a 
little way apart, apicceoftrpft will be re^t^iecf from between 
them ; if they are of opposite names, it will bo drawn in. 

Similarly, if two drums are arranged as in fig. 133, a 
body lighter than water will be atiraded to the centre if the 
drums vibrate in the same phases, and will be repelled if 
they vibrate in the opposite phases. 

With bismuth, and with a body heavier than water, these 
effects will be reversed. 

187. Lines of force. By means of the apparatus ehown 
in fig. 134, Professor Bjerknes has succeeded in tracing out 
the lilies of force in tho 
water due to the various 
pulsating and vibrating 
todies experimented on, 
in a form which has ena- 
bled him tocompare them 
with the corresponding 
lines produced by mag- 
nets and currents as 
traced by iron filings, in 
the manner described on 
page 1-4. 

The apparatus shoTvn 
in fig. 126 consists of a 
heavy metal ball, sup- 
ported ou a Ktaud % 
means of a hght steel 
spring. ThiabeiugplacLd 
at various points, always 
oscillates along the direc- 
tion of the lino of foico 
at that point, i.e. along '^'t '^ 

the direction of tho wave in the water. A fine rod attached 
to the top of it projects from the water, and carries a camel's- 
hail' brush, which records the direction of vibration on the 
tuider side of a piece of smoked glass. 
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A series of curves Iiave been obtained, wtlch sliow thai 




the lilies of force between vibrafciug and pulsating bodiei 
in watei- are exactly similar in form to those between oi 
verging electric, magnetic, itnd electro-magnetic forces. 

188. Mr. Stroh bas since repeated Professor BjerknBi 
experiments, and has reproduced nearly all the phenomaU 
by means of sound-wnTea in air — i.e. lie has caused ft" 
vibrating by sound, to transmit the forces in the same w. 
as Professor Bjerknes transmitted tliem through water. 

By these researches we see opened a possibility ot e 
plaining some of the mysterious mechanism of electric ai 
mngnctic attractions, without the necessity of suppodi) 
any force to bo at work other than those with whicih CM"^^ 
moil experience makes us familiar, for wo see them all p^^ 
1 produced by vibrations of material fluids, which differ frffl 
\ our supposed ether only in the superior elasticity and a 
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iensity of the latter, that is, they differ from it only in 
iegree and not in kind. 



Questions on Chapter XXVI. 

1. Describe the experimental methods used by Professor 
Bjerknes to illustrate the analogy between electric and mag- 
netic attractions, and the forces between bodies pulsating 

a nd vibrating in water. . 

2. When are pulsating bodies said to be in the same phase, 
when in opposite phases ? 

3. When are vibrating bodies said to be in the same phase, 
when in opposite phases ? 

4. Describe Bjerknes' experiment to illustrate the attrac- 
tion of soft iron by a magnet. 

5. Describe one to illustrate Diamagnetism. 

6. Describe Bjerknes' method of tracing lines of force in 
water. 
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CHAPTER XXVII. 

ACTION OF MAQNETISM AKD ELECTBICITT ON FOLABIZED LIGHT.* 

189. Polarized light. Ordinary light consists of vibra- 
tions taking place always in planes at right angles to the 
direction of the ray, but in all directions in those planes. 
That is, if the ray travels along the axle of a wheel, the 
vibrations composing it are all in the plane of the wheel, but 
are executed along any or all of the spokes. 

The eflTect of reflecting light at certain angles from cer- 
tain sabstances, or of passing it through certain crystalline 
substances, is to cause all the vibrations to take place in the 
same direction — that is, along one spoke of the wheel and 
the spoke opposite to it. 

The light is then said to be polarized. Now if the wheel, 
without being rotated, be slid along the axle, the spoke 
along which the vibrations take place will trace out a 
plane. 

When no rotative force is applied to the polarized light, 
the vibrations all take place in this plane/ and the light is 
said to be '* plane-polarized.^^ 

If we twist the reflector or crystal, which we use as a 
polarizer, round the direction of the ray as axis, wo shall 
shift this plane in the same way as if we cause the wheel to 

* The student who is ignorant of the elements of the theory of polarized 
light is recommended to read '^ The Polarization of Light, by the late 
Wm. Spottiswoode, Pres. B.S., &c. Nature Series (MacmiUan). 
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turn on Its axis and so sbift tbe spoke along which the 
vibrations take place; but, when the wheel is slid along 
the axis, this spoho will still traco out a piano, only that 
phrae will not be the same as before. Tliab is, if ive turn 
the polarizing mirror or crystal, we turn the piano of polari- 
aation, but the h'ght still remains plane- polarized. 

We cannot detect by the eye in what plane light is 
polarized, or indeed whether or not it is polarized at all. In 
|order to do so we have to take advantage of the following 
latural law : — 

Ti-ansparent bodies which have the power of polariziog 

'.;i.'lit in any given plane are opaque to light already polarized 

In a plane at i-ight angles to that piano; and reflecting 

.i^iires which have the power of polarizing light in a given 

[If will not reflect light which, when it falls on them, is 

. ;iLiy polarized in a plane at right angles to that plane, 

TLus, to determine in what plane light is polarized, we 

ivG only to take a crystal which has the power of polarizing 

ii;,'bt!n a certain plane fixed with regard to its axis, and to 

'lira it round till the light is extinguished. 

We then know that the light is polarized in a plane at 
riiiht angles to that plane in the crystal. 

190. NatXiral rotation. Certain natural substances, 
^uth as oil of turpentine, creosote, &c., possess the power 
'jf "rotating the plane of polarization;" that is, if a hori- 
v-'Hital beam of light, polarized iu a horizontal plane, be sent 
llirough a tube filled with one of these substances, its plane 
■"■f polarization, on emergence, will no longer be horizontal, 
Ijrit will be inclined on one side or the other of the horizontal, 
riL-cording to the nature of the substance. 

The amount of inclination for the same substance depends 
■^jn the length of the substance travelled through. 

191. Faraday's discovery of magnetic rotation. 

Paraday discovered that if a piece of a particular kind of 
' glass known as "heavy glass" is placed between the poles 
LaF ^^ electro- magnet, and a ray of polarized light sent 
"1 it from pole to pole, the plane of polarization is 
. That is, if the light be supposed to go in, in a 
otal plane, it emerges, still plane-polarized, in a plane 
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inclined to the horizontal. The direction of thcr inclination 
depends on the polarity of the magnet ; if this be reversed, 
by reversing the current, the direction of the rotation is 
changed. Faraday afterwards found that many other 
substances could produce the same efPect when magnetized. 
Thus far the magnetic phenomenon appears to be 
analogous to the phenomenon of rotation by oil of turpen- 
tine, &c. There is, however, a very important difference 
between the two cases. 

192. Difference between magnetic and natural 

rotation. If, instead of permitting tho light to emerge, 
we let it fall perpendicularly on a mirror placed at the end 
of the column of turpentine or glass, and be reflected back, 
we shall find that, in the case where the rotation is produced 
hij the magnetic force, the amount of rotation is doubled; 
while in the case where the rotation is produced by the natural 
power of the substance, the rotation is annulled ; and further, 
if by silvering both ends of the heavy glass, or of the tube 
containing the oil of turpentine, we cause the light to pass 
backward and forward any number of times (fig, 135), we 





Fig: 135. 



shall find that, in the case of the magnetic rotation, the 
rotation is equal to as many times the original rotation 
as the light passes through the substance ; while in the 
case of the natural rotation, it is zero or equal to the original 
rotation, according to whether the light passes through the 
substance an even or an odd number of times. 

A mechanical illustration may assist us to understand 
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this. Let us, as before, represent the plane of polarization 
by the direction of the spoke of a wheel, and let us slide the 
wheel backward and forward on the axis, and cause it to rotate 
at the same time so that the spoke is always in the plane 
of polarization at the point where the wheel is on the axis. 

The case of natural rotation will then be illustrated by 
considering the turning of the wheel to be produced by 
the guiding action of a spiral or long screw thread cut on 
the axis. Thus, as the wheel moves along, the spoke traces 
out a twisted surface, while, when the wheel is slid back 
again, the spoke comes back along the same surface. 

The case of magnetic rotation, however, is illustrated by 
considering the wheel to he turned constantly in the same 
direction by some external force, such as the pulling of a 
string wound round its circumference while the wheel is 
slid backward and forward. Let us suppose as before that 
the spoke always lies in the plane of polarization ; the 
twisted surface traced out by it will now be different, as, on 
the wheel beginning to slide back along the axis, the spoke 
will not return on its old path, but will trace out a new 
surface whose twist is equal and opposite to the twist of the 
first surface. 

193. Faraday's paper. Faraday communicated his 
discovery to the Royal {Society on November 6th, 1 845, in 
a paper entitled, — 

" On the Magnetization of Light and the Illumination 
of Magnetic Lines of Force : i. Action of Magnets on Light; 
ii. Action of Electric Currents on Light; iii. General 
Considerations. ■'' 

He commences his paper as follows ; — 

194. "Action of magnets on light. I have long 

held an opinion, almost amounting to conviction, in common, 
I believe, with many other lovers of natural knowledge, 
that the various forms under which the forces of matter are 
made manifest have one common origin ; or, in other words, 
are so directly related and mutually dependent, that they 
are convertible, as it were, one into another, and possess 
equivalents of power in their action. In modern times, the 
proofs of their convertibility have been accumulated to a 
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very considerable extent, and a commencement made o 
tLa determination of their equivalent forces. 

" Tliia strong persuasion extended to tlie powers of ligU 
Hnd led, on a former occasion, to many exertions, hav^ 
for their object the discovery of the direct relation of lid 
and electricity, and their mntcal action in bodies sabjd 
jointly to tlicir power ; but the results were negative vf 
were afterwards confirmed in that respect by Wartmann. ] 

" These ineffectual exertions, aud many others which wfl 
never published, could not remove my strong persnasa 
derived from philosophical considerations; and, therefbi 
I recently resumed the inquiry by experiment in a mq 
strict and searching manner, and linve at laat succeeded \ 
magnetizing and eleeb-ifying a ray nf light, ami in ilium 
ing a magnetic line of force." 

In the course of his paper, Faraday sbowed that I 

same efEect as ia produced by a magnet can be produced 3 

L a suitable transparent body placed insido a helix, the ray I 

I light travelling along the axis of the helix. Fig. 136 aliofl 




I the method of arranging the experiment to illustrate i 

\ rotation in a liquid (bisulphide of carbon), to an audiencfl 

196. Direction of the rotation. The plane of polariJ 

tion is turned in the same direction as that in which ^ 

current flows when the substance is diamagnetic, i 

opposite direction when it is paramagnetic. 

196. General conclusions. The following are sc 

I Faraday's general conclusions: — 

'Thus is established, I think, for the first time, i 

\ direct relation and dependence between light and the md 

[ netic and electric forces ; and thus a great addition mJ 
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to the facts and considerations which tend to prove that all 
natural forces are tied together, and have one common 
' origin. It is, no doubt, difficult in the present state of our 
knowledge to express our expectation in exact terms ; and 
though I have said tliat another of the powers of natnre is, 
in these experiments, directly related to tbe rest, I ought, 
perhaps, rather to say that another form of the great power 
is distinctly and directly related to the other forms; or 
that tho great power manifested by particular phenomena 
in particular forma is here further identified and recognized 
by the direct relation of its form of light to its forma of 
electricity and magnetism. 

" The relation existing between polarhed light and mag- 
netism and electricity is even more interesting than if it 
had been shown to exist with common light only. It can- 
not but extend to common light; and, as it belongs to light 
made, in a certain respect, more precise in its character and 
properties by polarization, it collates and connects it with 
these powers, in that daality of character which they possess, 
and yields an opening, which before was wanting to us for 
the appliance of these powers to ths investigation of the 
nature of this and other radiant agencies. 

" The magnetic forces do not act on the ray of light 
directly and without the intervention of matter, but through 
the mediation of the substance in which thoy and the ray 
Lave a simultaneous existence ; the substances and the 
forces giving to and receiving from each other the power 
of acting on tho light. This is shown by the non-action of 
a vacuum or of air or gases ; and it is also further shown 
by the special degree in which different matters possess the 
property. That magnetic force acta upon the ray of light 
always with the same character of manner and in the same 
ilirection * independent of tho different varieties of sub- 
stance, or their states of solid or liquid, or their specific 
"otativo force, shows that the magnetic force and the light 
Jttve a direct relation; but that substances are necessary, 

ol "It bas since been shown by Verdet that this is not the oase. Para- 
ifl Diognetic substttncen rotate the liglit in a direction opposite fo dianiag- 
jjg DetiM. See my " Elcctricitv," vol. ii- p. 225. 
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and that tliese act in different degrees, sbows thatl 
magnetism and the light act on each other through] 
intervention of the matter. 

" Recognizing or perceiving matter only by its poJ 
and knowing nothing of any imaginary nac]ens, abaff 
from the idea of these powers, the phenomena descn 
in this paper much atrcugthon my inclination to trad 
the view3 1 have on a former occasion advanced in refereiic" 
to its nature,* 

"It cannot be doubted that the magnetic forces act npc 
and affect the internal constitution of the diamagneticjusi.i- 
freely in the dark as when a ray of light is passing throu;:!, 
it; though the phenomena produced by light seem,a3yet,i 
present the only means of observing this constitution ai 
the change. Further, any such change as this mnst hehl 
to opaque bodies, such as wood, stone, and metal; forj| 
diamagnetics, there is no distinction between them andtl 
which are transparent. The degree of transparency caS fl 
the utmost, in this respect, only make a distinction betwi 
the individuals of a class. 

" If the magnetic forces had made these bodies magneC 
we could by light have examined a transparent magnet M 
and that would have been a great help to our inrcstigution | 
of the forces of matter. Bat it does not make them Ja»f^ 
nets, and therefore the molecular condition of these t j 
bodies, when in the state described, must be specifiofl 
distinct from that of magnetized iron, or other such mfttM 
and mast be a new magnetic condition ; and as the con^oH 
is a state of tension (manifested by its instantaneous re^| 
to the normal state when the magnetic induction ia^| 
moved), so the force which the matter in this state posse^f 
and its mode of action, most be to ua a new magnetic fU^ 
or mode of action of matter. J 

"For it is impossible, I think, to observe and see M 
action of magnetic forces, rising in intensity upon a NiM 
of heavy glass or a tube of water, without also perceiniB 
that the latter acquire properties which are not only n«*B 
the substance, but are also in subjection to very definl 

• "Eip. Res,," vol. ii. p. 28i ; or Phil. Mag,,18U, vol. xxir. p.UW 
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jrecise laws, and are eqaivalent ia proportion to tlie 
3 forces producing them." 
, Later experiments. Numerous experlmonts have 
' ! with more powerful and accurate materiala than 
were at Faraday's disposal, and the relative and absolute 
amounts of rotation caused by given forces on different 
substances have been determined. 

The rotation has even been observed and measured in 
gases. 

198. Kerr's discovery. Dr. Kerr haa discovered that 
if strong electric pressures be applied to the two sides of a 
piece of glass, that they actually distort or strain its struc- 
ture sufficiently to make it act on light no longor as a 
homogeneous body, but as a crystal. 

Figs. 137 and 138 show the experiment arranged for 
lecture purposes. 




Two metal poles aro lot into the glass till they are within 
about three- sixteenth a of an inch of each other. On the 

iiTfires being connected to the polos of an induction coil, the 
■train sets np a temporary crystalline structure, which ia 

j'riiown by the action of the glass on the ray of polarized light. 
The alum cell ia to stop the heat of the lamp. 



Questions on CeipTEK XSVII. 

I . What is meant by " plane-polarized light " ? 
J. Deseribe the phenomenon of natural rotation of 
Jiolarized light. 

li 2 
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3. Descnbe the phenomenon of magnetic rotation of 
polarized light. 

4. \i\iax is the difference between the two rotations? 
GiTC a mechanical illnstration of it. 

5. Describe a lecmre experiment to show magnet 
rotation by a helix. 

6. What is the law goTemiog the direction of rotation 

7. Describe Dr. Kerr's experiment for producing aa 
arti6cial crystalline stractnre in glass by electro-static 
strain. 
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: maxwell's) electeo*kasnetic thboet op lioet.* 



Ilbotbic mdnction is a. sti-ain of aomQ kind; and, 
electric induction passes through spaco in which 
there ia not any ordinary matter, we agree to call the 
unlinown something that fills the apaco and transmits the 
strain an " ether." 

Light ia a strain of some kind; and when light passes 

through space where there is not any ordinary matter, 

i we agree to call the unknown aomothiug that fills tlie space 

sad transmits the strain an " ether." 

All men of Ecience are agreed chat light consists o£ vibra- 

/ tioiis of an ether or very thin fluid which fills all space, and 

; i ihahly pevmeutca all bodies. 

SUO.'Professor Clerk Maxwell's theory is briefly 

S'.kctro-magnelic indudion is propagated through space hy 

■ liiis or vibrations of the same ether which conveys tlie light 

rations, or, in othej- words, " light itself is an elecfrO' 

'■luetic disturbance." 

\.'-:t na examine the evidence which causes us to believe 

.; the luminiferous and the electro -magnetic ethers arc 

. imd the same. 

i'lie first point of resemblance between the modes of 

. piopagation of light and of electro -magnetic induction ia 

Vliat in both cases it can he shown mathematically that the 

disturbance is at right angles to the direction of propagation. 

' It is known that the waves of light take place in direc- 

ma at right angles to the ray. 

Professor Clerk Maxwell has shown that the directions 

• See my " Electricity," 2nii, Ed, vol, ii. ptSOa. 
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of both the magnetic and electric diaturbances are also at 
'ght angles to the lino offeree.* 
Fig. 139 shows Professor Mnxwell's conception of a lino 
of electric force. 

The vertical line is the direction of the force, and the 
magnetic and electric disturbances are 
' at right angles to it. 

Another argument in favour of tho 

tbeory is that it gives a real matlie- 

uiaticul I'cason for the fact that all ■ 

good true conductors are exceedingly ■ 

opaque. All nietale, for instance, con-V 

' duct, and are opaC|ue. Thecoiidaction^ 

of electricity by tranEparent liquids \ 

lakes place in a different manner from 

the conduction by metals, and doea ^ 

not affect the deduction, which ( 

he shown muthematicaliy to be j| 

necessary consequence oE tho tVieor 

namely, that all good true conductg 

must be opaque to Ught-f 

FiB.iio. But far more important evidedl 

in favour of the view tbat the etW 

are not two, but one, is obtained by comparing the velociu 

with which optical and electro-magnetic disturbances f 

propagated under different circumataucea. 

If it can be shown that the velocity of electro-magnJ 
induction is sensibly the same as that of light, not ohIA 
air and vacuum, but in all transparent bodies, we shall! 
qnito sure that there are not two ethers, but onej fofl 
would be unreasonable to suppose that tho whole of ( 
part of space is filled with two ethers which are identa 
in the only properties which we can examine, but which^ 
yet different and not the same. 

And, further, if the velocities nearly agree, but not qniuj 

• They are nlao at rigbt anglea to each other. 

t It mast, huwtiver, l>e confeaeed that gold, ailver, and plBtinnm.wb 
made into very thin jilatea, are not nearly eo o)ia(]ue as tbej ehoold I 
according to the tJieorj, . I 
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W0 mnat reserve oar judgment ; but we raay be allowed to 
speculate on tbe possibility of tbe same etber vibrating some- 
what differently when disturbed by electricity and by light. 
201. Comparison of velocities in air and vacuum, 

Tho velocity of light baa been measured ox peri men tally in 
many ways. 

The most recent esperiments are those made by Professor 
Cornn,* iu 187-1, who found that in vacuo — 

r = 3001 X 10'° ccnlima. per Bccoiid. 

The following are the results of older observations : — 



M. Corna'a experiments are, however, so greatly superior 
in accuracy to any of tbe older ones that we shall adopt 
his value, namely 3'004. 

Now the refractive index of air is 

t 1000294. 

he velocity of light in air is then : — 
: 



^XiO02S-r -'"'"■'"''" 

Tow the mean value f of tho most recent determiuations 
le velocity of electro-magnetic induction in air is 

V = 2-0857 X 10'° 

"e may therefore say that il\e velocities in air of light ami 
tff elect ro- magnetic inditctioH are seiisibly equal. 

202. Velocities in other media, Tbe velocity of 
light in any medium of refractive index fi is — 
Telocity in air 



* " Annales da I'ObBBrvatoire de Paris," 1876. " M6nioirefl," torn, 

dii. p. A,. 

t '* Electricity," vol. ii. p. 235. 
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Professor Clerk Maxwell has proved mathematically tliat 
the velocity of electro-magnetic induction in any mediam is— • 

velocity in air 

where K is the specific inductive capacity for electro-statio 
induction as defined in vol. i. page 69. 

Now, if the velocity of light is equal to that of electro- 
magnetic induction in all transparent insulators, we should 
have, 
velocity of li^ ht in air velocity of electro-ma^etic induction in air 

But we have shown that the velocities in air are equals and 
hence, if the other velocities are equal, we must have — * 

203. Gordon's experiments. The following table com- 
pares the values of yi* and v^K for various dielectrics as 
determined by the present writer (see " Electricity/* voL i. 
page 118) : — 



Dielectiic. 


1-778 
1-747 
1-734 
1-763 
1-4119 


/*• 


Double extra-dense flint glass . 
Extra-dense flint glass 
Light flint glass .... 
Hard crown glass .... 
Paraffin .... . . 


1-672 
1-6-20 
1-656 
1-604 
1-4220 



204. Gibson and Barclay's experiments. Messrs. 

Gibson and Barclay found for paraffin (see *^ Electricity," 

vol. i. page 86) :— 

^/g = 1-405 

• Wo must note that Professor Maxwell shows that among the values 
of |i we must select that which corresponds to waves of infinite wave 
length. 
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which does not differ mach from the yalae of /a given in 
the preceding table. 

205. ^oltzmann's experiments. We can either com- 
pare \/K with /t or K with ^. 

In the comparison given by Professor Boltzmann, the 
latter plan is adopted. 

The following table, comparing the values of K and y?f is 
given by Professor Boltzmann in his paper quoted in ^^ Elec- 
tricity,^^ vol. i. page 87. 



Dielectric. 


K. 


M^. 


From condenser method. 


From attraction method. 


Sulphur . 
Paraffin . 
Eesin 


3-84 
2-32 
2-65 


3-90 

C 2-30 ") 
\ 2-34 5 

2-48 


4-06 
2-33 
2-38 



206. Crystalline Sulphur. In the paper quoted in 
^^ Electricity/' vol. i. page 100, Professor Boltzmann gives 
the following comparison of K and y? along the three axes 
gr, m, h of crystalline sulphur. 



Dielectric. 


K. 

4773 
3-970 
3-811 


/*'. 


Sulphur. ) m 


4-596 
3-886 
3-691 



207. Schiller's experiments. In the paper quoted in 
^'Electricity/^ vol. i. page 103, Schiller gives the following 
comparison :— 
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K.. 


• 


DtolaUile, 


By at wllMBr 


*S£5?- 


W- 


Paraffin, ^w wtA&L^ wiiite^ 


2^4? ^ 


1-it 




Qaickly cooled, neadj^ trampgrffnt 


1-^ 


— 


Brown India Ral>bar 


2*^ 


2-12 


3-25 

1 



$i 



208. Ifbv^ft Ciperim cnts, Ia tlie p^per qooied in 

Ekelneitj^^ toL L page 104, Silow finds for cnl of turpen- 



.•K = 1-490, ^ = 1- 

209. Bottzmann's con^ariMii finr Gaaes. In the 

paper qooled ia ^ Electricitj,'' tc^ i. page 123, Professor 
ik>ltzmann gires the following comparison for gases. 

The refractire index and the specific indnctiTe capacity 
of vacaam are taken as nnitj. 



•ad 780 mm. 


Vk. 


1h 


Air .... 
Carbonic acid . 
Hydrogen 
Carbonic oxide . 
Nitrooa gas (N.O.) . 
defiant gas 
Marsh gas 


1-000295 
1000473 
1000132 
1000345 

1000497 
1000656 
1-000472 


1-000294 
1-000449 
1-000138 
1-000340 
1-000503 
1-000678 
1000443 



* There is some confusion as to the arrangement of the numbers for 
•ffln in the table given in Schiller's paper. 
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210. Oeneral Conclusion. An examination of the 

foregoing tables shows ns that in some cases the velocities 
of light and of electro-magnetic induction are very nearly 
equal, but that in other cases there is a very wide dif- 
ference. 

On the whole a sufficiently close agreement has been 
observed to give us fair hope that some day the discre- 
pancies may be explained and eliminated ; and meanwhile 
the close agreement of the velocities of light and electro- 
magaetic induction in air and in gases, and the numerous 
direct relations which exist between light and electricity 
leave us but little doubt that they are very closely related, 
and that their eflfects are but two forms of that common 
energy whose nature is unknown, but which certainly under- 
lies all physical phenomena. 



QUSSTIOKB ON CflAPTSfi XXYIIL 

1. State Clerk Maxwell's electro-magnetic theory of 
light. 

2. What arguments for it do we derive from experiments 
on the velocities of light and electro-magnetic induction 
in air ? 

3. What arguments do wo derive from experiments on 
specific inductive capacity ? 
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I. 

1 . State Ohm's law. 

2. What current will 120 volts send through "75 ohm ? ^ 

3. Describe Grove's cell. 

4. How many Watts are given out by a current of 18 
amperes working at a pressure of 50 volts ? // 

5. A coil of wire is wound round a bar of soft iron. 
What change occurs in the iron when a current passes 
round it ? 

6. Is whatever happens altered when the direction of the 
current is altered ? 

7. A long insulated wire is folded in the middle, and the 
two ends are held together. The centre, wheref the fold is, 
being secured to a soft iron bar, the double wire is wound 
round the bar so as to form a coil. The two free ends that 
project from the outside of the coil are separated, and a 
current sent through the wire. What happens to the 
iron bar ? 

[If the class have a difficulty in understanding this ques- 
tion, the method of winding may be illustrated by a piece 
of string and a ruler.] 

/ 8. What is the resistance of a circuit whore 150 volts 
send 4000 amperes through it ? [^ 

9. Describe the tangent galvanometer. 

10. Give a rule for remembering which way a current 
deflects a compass needle. 

11. 
1. Describe the lecture model of Wheatstone's bridge. 
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2. In the 6gure — 




S = s = 1000, and the galvanometer remains at zero 
when E = 701, find x. 

3. In the same figure — 

S = 1000, s = 10, and the galvanometer remains at zero 
when E = 702, find ic. 

4. Describe Cardew^s expansion volt-meter. 

5. What is a volt ? 

6. What is the commercial electric unit ? 

-^1, How many horse-power are developed by 6 amperes 
flowing under a pressure of 124^ volts. 

8. Describe with a sketch the common electric bell. 

9. Sketch a simple telegraph circuit. 

10. Describe DanielFs cell. 



III. 

1 . Describe the reflecting galvanometer. 

2. What do we mean when we say a body is *^ dia- 
magnetic '^ ? 

3. A little ball is hung by a long silk thread between the 
pointed poles of a powerful electro -magnet, but just out of 
the centre. What will happen on a current being sent 
round the coils of the magnet (a) when the ball is iron, (6) 
when it is bismuth ? 

4. What will happen if the ball is half iron and half 
bismuth ? Give a reason for your answer. 
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5. Describe the Leyden jar, 
G. Describe the Gramme ring« 

7. How much horse-power is expended in 500 lamps^ each 
taking '8 ampere and 120 volts ? 

8. How much horse-power most the engine expend in 
producing this quantity of electricity^ supposing the eflS- 
ciency to be 82 per cent. ? 

9. State Lenz's law. 

10. Sketch and describe Bell's first telephone. 

IV. 

1. The resistance of a circuit is 150 ohms^ what pressure 
will be required to send | of an ampere through it ? 

2. A dynamo machine produces 60 commercial units per 
hour, and the engine working it indicates 100 H.P., what is 
the eflSciency ? 

[In this question the reciprocal of *746 may be taken 
as 1^.] . 

3. Describe the induction coil. 

4. What is the diflRerence in the spark when taken in air 
and in a partial vacuum ? 

5. Describe the phenomena of residual charge. 

6. What arguments do we derive from it as to the way 
in which static induction is propagated ? 

7. State Faraday's discovery of the action of magnets on 
light. 

8. How would you trace the lines of force of a magnet ? 

9. What is tbe difference between a conduotor and an 
insulator ? 

10. What is an ampere? 

1. State the thd*/ of artifidial lighting. 

2. Show how tt6 same quantity of heat^ may produce 
different quantities of light under different circumstances. 
What are those circumstances ? 

8, What is electrolysis f 
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4. Describe the process of silver plating. 

5. If electricity is being supplied at Gd. per nnit, and if 
he lamps givo 210 candles per H.P., and if gas giving 14 
jandlea per 5 cubic feet per liour coats 2s. lOd. per 1000 
^Dbic feet, what will bo the coat of electricity for a quarter 
n & house whore the quarter's gas-bill had previously been 
-12, assuming the same quantities of light to have been 
ised in both cases ? 

[The reciprocal of "746 may be taken as \\ .] 

6. What is radiant matter ? how does it differ f 
ffdinary gas ? 

7. State the theory of Wheatstone's bridge. 

8. Describe somo of Professor Bjorknea' experiments for 
bowing how electrical attractions and repulsions can be 
nitated by vibrations in water. 

9. If a closed ring of wire be moved rapidly in its own' 
lane across the lines o£ the earth's magnetic force, what 
uppens ? 

10. Describe the Hughes microphone. 

VI. 

1. Describe an experiment to show that radiant matter 
innot turn a comer. 

2. Describe and sketch the Crompton arc lamp. 

3. Twenty H.P. is used in a group of 120 volt lamps, 
lie main is a long one, and in order to keep 1 20 volts at 
e lamps the dynamo has to bo worked at 150 volts. Wiat' 
i.P, is wasted in the main ? 

4. What is the resistance of the main ? 

6. Describe the process of making and laying a submarine 
*le. 

Describe the condenser method of determining tha 
lectric pressure of a circuit, 

7. What is magne-crystallio action ? 

8. What is a telephone exchange ? 

9. What is the difference between a " direct " and 
alternating " current ? 

10. If an electrically lighted district worked at 120 volto 
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uses 2000 amperes^ wliat amperes will be required in a 
similar district using the same quantity of light but worked 
at 100 volts ? 

VIL 

1. What is meant by " Dia-magnetic Polarity '^ ? 

2. Describe an experiment to prove its existence. 

3. Describe Kerr's experiment for showing the action of 
static electricity on light. 

4. A wire with a section of -^ square inch is required to 
carry a certain current 200 yards with a faU of 15 volts, 
what section must the wire have to carry it 300 yards with 
the same fall ? 

5. What are the principal requisites of a good carbon for 
electric lighting ? 

6. State the laws of the attraction and repulsion between 
charged bodies, i.e. when will there be attraction, when 
repulsion, and how will the force be altered by alteration of 
distance ? 

7. Describe an experiment to show that tapping the glass 
of a Leyden jar hastens the return of the residual charge. 

8. What do we learn from this experiment ? 

9. State Clerk Maxwell's electro-magnetic theory of 
light. 

1 0. About what are the relative quantities of light per 
horse-power obtained from arc and incandescent lamps 
respectively ? 

VIIL 

1. Describe Gordon^s static induction balance. 

2. What is a " dielectric '' ? 

3. What is the difference between the natural and mag- 
netic rotation of polarized light ? 

4. Describe an experiment to show that radiant matter 
produces heat when its motion is arrested. 

5. Describe the Gordon dynamo. 

6. If a ton of copper is required to convey 32 H.P. of 
electricity half a mile to 120 volt lamps, what weight will 
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>e required to convey the same quantity of electricity to 
'O volt lamps at the same distance with the same loss 
►fH.P. 

7. Describe an experiment to show that static induction 
Jan turn a corner. 

8. What happens when one end of a magnet is plunged 
nto the inside of a coil of wire ? What when it is drawn 
>iit again ? 

9. Does the fact that electric signals are transmitted 
iv-ith great speed give us any information as to the speed of 
tn electric current ? 

10. What is an astatic needle ? 



IX. 

1. What are the properties of a magnet ? 

2. An electro-magnet wound in a right-handed spiral is 
placed upright on a table and a current sent round it in 
bhe direction of the hands of a watch. Will the N. pole be 
Eit the top or bottom ? 

3. Describe the process of manufacture of an incandescent 
lamp. 

4. In a Wheatstone bridge test the galvanometer will 
not come to zero, but with the coils unplugged which 
would make x the resistance under test = 1215, it deflects 
20 divisions to the right, and with those which would 
make x 1216, it deflects 5 divisions to the left. What is 
the value of x ? 

5. What are the three ordinary states of matter ? 

6. Give an illustration of the probable size of the mole- 
cules of water. 

p 7. What horse-power is expended by 151 volts working 
through a resistance of 1 ohms ? 

8. What by the same volts working through a resistance of 
I ohm? 

9. State the general theory of electric generators. 

10. Describe Smee^s cell. 

s 
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X. 

1. The hourly observations of a circuit kept at 150 volts 
give the following mean currents : — 



oon 


to 2 p.m. 


200 i 


amperes. 


2 


ii 3 „ 


800 


yy 


3 


K 
» »^ ^> 


3000 


yy 


o 


» 6 „ 


2500 


^^ 


6 


» 7 „ 


1500 


>> 


7 


»11 ,, 


1200 


yy 


11 


,,12 mid.n. 


1000 


yy 


12 


„ a.m. 


900 


.» 


6 


>y 8 „ 


1200 


yy 


8 


„io „ 


150 


^^ 


10 


„ 12 noon 


170 


yy 



How many units have been supplied in the 24 hours ? 

2. Doscribo the Siemens electro- dynamometer. 

3. Show how the coils are grouped in a bridge resistanca 
box, so that with 16 coils any resistance from 10,000 obms 
to 1 ohm can be obtained. 

4. Describe the Gower-Bell telephone. 

5. Describe Faraday^s voltameter. 

0. Describe Gordon's experiments for examining the effect 
of variations of pressure on the lengths of discharges in air. 

7. Describe an experiment to show that radiant matter 
exerts mechanical force where it strikes. 

8. Describe Bjerknes^ method of tracing lines of force in 
water. 

9. What is the effect of connecting the coatings of a 
Leyden jar to the terminals of an induction coil ? 

10. Give a mechanical illustration of what occurs. 
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of sereral cells, 41. 

Bells, electric, 102. 

Bell's telephone, 96. 

Bjerknes' experiments on me- 
chanical analogies of electrical 
phenomena, 227. 

Board of Trade unit, the, 31. 

Boltzmann on specific inductive 
capacity of gases, 225. 

Borgia machine, 137. 
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Direct current machines, 137. 
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-, electro-static, 201. 
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IPS, electric, theory of, 111. 
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and currents, 8. 
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)f light, 246. 
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crophone, 97. 

►lecules, size of, 180. 

)rse code, 89. 
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erhead wires, 86. 



Phases, table of, 230, 231. 
Polarized light, 236. 
Pressure, current and horse- 
power, 26. 

, measurement of, 62. 

, resistance and horse- 
power, 27. 

, unit of, 22. 

-, work, and quantity. 
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Quantity, unit of, 23. 
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Eadiant matter, 181. 
Beflecting galvanometers, 65. 
Eesidual charge, 206. 
Resistance box, 77. 

coils, 77. 

-, horse-power, and cur- 



rent, 25. 



sure, 27. 
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-, measurement of, 71. 
■~, specific, 80. 
, unit of, 22. 
Rotation of polarized light, mag- 
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•— -^— — ^— ———, natu- 
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Secondary condenser, 169. 
Sensitive galvanometers, 63. 
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electro-dynamometer, 
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